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The  duties  of  the  National  Defense  Research  Committee 
were  (1)  to  recommend  to  the  Director  of  OSRD  suitable 
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warfare,  together  with  contract  facilities  for  carrying  out 
these  projects  and  programs,  and  (2)  to  administer  the  tech¬ 
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first  reviewed  by  NDRC,  and  if  approved,  recommended  to 
the  Director  of  OSRD.  Upon  approval  of  a  proposal  by  the 
Director,  a  contract  permitting  maximum  flexibility  of 
scientific  effort  was  arranged.  The  business  aspects  of  the 
contract,  including  such  matters  as  materials,  clearances, 
vouchers,  patents,  priorities,  legal  matters,  and  administra¬ 
tion  of  patent  matters  were  handled  by  the  Executive  Sec¬ 
retary  of  OSRD. 

Originally  NDRC  administered  its  work  through  five 
divisions,  each  headed  by  one  of  the  NDRC  members. 
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OSRD.  The  final  organization  was  as  follows: 

Division  1  —  Ballistic  Research 
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NDRC  FOREWORD 


As  events  of  the  years  preceding  1940  revealed  more 
k.  and  more  clearly  the  seriousness  of  the  world 
situation,  many  scientists  in  this  country  came  to 
realize  the  need  of  organizing  scientific  research  for 
service  in  a  national  emergency.  Recommendations 
which  they  made  to  the  White  House  were  given 
careful  and  sympathetic  attention,  and  as  a  result  the 
National  Defense  Research  Committee  [NDRC]  was 
formed  by  Executive  Order  of  the  President  in  the 
summer  of  1940.  The  members  of  NDRC,  appointed 
by  the  President,  were  instructed  to  supplement  the 
work  of  the  Army  and  the  Navy  in  the  development 
of  the  instrumentalities  of  war.  A  year  later,  upon  the 
establishment  of  the  Office  of  Scientific  Research  and 
Development  [OSRD],  NDRC  became  one  of  its 
units. 

The  Summary  Technical  Report  of  NDRC  is  a 
conscientious  effort  on  the  part  of  NDRC  to  sum¬ 
marize  and  evaiuate  its  work  and  to  present  it  in  a 
useful  and  permanent  form.  It  comprises  some  sev¬ 
enty  volumes  broken  into  groups  corresponding  to 
the  NDRC  Divisions,  Panels,  and  Committees. 

The  Summary  Technical  Report  of  each  Division, 
Panel,  or  Committee  is  an  integral  survey  of  the  work 
of  that  group.  The  first  volume  of  each  group’s  re¬ 
port  contains  a  summary  of  the  report,  stating  the 
problems  presented  and  the  philosophy  of  attacking 
them  and  summarizing  the  results  of  the  research,  de¬ 
velopment,  and  training  activities  undertaken.  Some 
volumes  may  be  “state  of  the  art”  treatises  covering 
subjects  to  which  various  research  groups  have  con¬ 
tributed  information.  Others  may  contain  descrip¬ 
tions  of  devices  developed  in  the  laboratories.  A  mas¬ 
ter  index  of  all  these  divisional,  panel,  and  committee 
reports  which  together  constitute  the  Summary  Tech¬ 
nical  Report  of  NDRC  is  contained  in  a  separate  vol¬ 
ume,  which  also  includes  the  index  of  a  microfilm 
record  of  pertinent  technical  laboratory  reports  and 
reference  material. 

Some  of  the  NDRC-sponsored  researches  which 
had  been  declassified  by  the  end  of  1945  were  of  suffi¬ 
cient  popufar  interest  that  it  was  found  desirable  to 
report  them  in  the  form  of  monographs,  such  as  the 
series  on  radar  by  Division  14  and  the  monograph  on 
sampling  inspection  by  the  Applied  Mathematics 
Panel.  Since  the  material  treated  in  them  is  not  dupli¬ 


cated  in  the  Summary  Technical  Report  of  NDRC, 
the  monographs  are  an  important  part  of  the  story  of 
these  aspects  of  NDRC  research. 

In  contrast  to  the  information  on  radar,  which  is 
of  widespread  interest  and  much  of  which  is  released 
to  the  public,  the  research  on  subsurface  warfare  is 
largely  classified  and  is  of  general  interest  to  a  more 
restricted  group.  As  a  consequence,  the  report  of 
Division  6  is  found  almost  entirely  in  its  Summary 
Technical  Report,  which  runs  to  over  twenty  vol¬ 
umes.  The  extent  of  the  work  of  a  Division  cannot 
therefore  be  judged  solely  by  the  number  of  volumes 
devoted  to  it  in  the  Summary  Technical  Report  of 
NDRC:  account  must  be  taken  of  the  monographs 
and  available  reports  published  elsewhere. 

Any  great  cooperative  endeavor  must  stand  or  fall 
with  the  will  and  integrity  of  the  men  engaged  in  it. 
This  fact  held  true  for  NDRC  from  its  inception,  and 
for  Division  6  under  the  leadership  of  Dr.  John  T. 
Tate.  To  Dr.  Tate  and  the  men  who  worked  with 
him— some  as  members  of  Division  6,  some  as  repre¬ 
sentatives  of  the  Division’s  contractors— belongs  the 
sincere  gratitude  of  the  nation  for  a  difficult  and 
often  dangerous  job  well  done.  Their  efforts  contrib¬ 
uted  significantly  to  the  outcome  of  our  naval  opera¬ 
tions  during  the  war  and  richly  deserved  the  warm 
response  they  received  from  the  Navy.  In  addition, 
their  contributions  to  the  knowledge  of  the  ocean 
and  to  the  art  of  oceanographic  research  will  as¬ 
suredly  speed  peacetime  investigations  in  this  field 
and  bring  rich  benefits  to  all  mankind. 

The  Summary  Technical  Report  of  Division  6, 
prepared  under  the  direction  of  the  Division  Chief 
and  authorized  by  him  for  publication,  not  only  pre¬ 
sents  the  methods  and  results  of  widely  varied  re¬ 
search  and  development  programs  but  is  essentially 
a  record  of  the  unstinted  loyal  cooperation  of  able 
men  linked  in  a  common  effort  to  contribute  to  the 
defense  of  their  nation.  To  them  all  we  extend  our 
deep  appreciation. 

Vannevar  Bush,  Director 
Office  of  Scientific  Research  and  Development 

J.  B.  Conant,  Chairman 
National  Defense  Research  Committee 
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In  1941,  section  c-4,  later  Division  6,  of  the  National 
Defense  Research  Committee,  undertook  a  broad 
consideration  of  the  steps  which  could  be  taken  to 
increase  the  efficiency  of  echo-ranging  sonar  gear. 
This  consideration  led  to  undertaking  a  number  of 
developments  which,  it  was  believed,  might  be 
promptly  applicable  to  the  conventional  type  of 
echo-ranging  equipment  employed  at  that  time.  In 
addition,  it  appeared  that  a  quite  radically  different 
type  of  echo-ranging  gear,  designated  as  scanning 
sonar,  probably  offered  decided  advantages  over 
methods  previously  developed.  Consequently,  a  long¬ 
term  program  for  the  development  of  scanning  sonar 
was  authorized  at  two  of  the  Section’s  laboratories, 
namely  at  the  San  Diego  Laboratory  of  the  University 
of  California  and  at  the  Harvard  University  Labora¬ 
tory  at  Cambridge. 

The  work  at  these  two  laboratories,  although  hav¬ 
ing  the  same  general  operating  objectives,  involved 
quite  different  physical  methods.  This  particular 
summary  report  covers  progress  made  in  the  develop¬ 
ment  of  scanning  sonar  based  upon  principles  and 
methods  adopted  by  or  originating  with  the  staff  of 
the  Harvard  Underwater  Sound  Laboratory.  It  has 
been  prepared  by  that  organization  and,  because  it  is 
probable  that  scanning  sonar  will  have  a  prominent 
place  in  the  future  art,  the  subject  is  presented  in  con¬ 
siderable  detail. 

Because  of  the  course  which  the  war  seemed  fortu¬ 
nately  to  be  taking  and  because  of  other  considera¬ 
tions,  no  attempt  was  made  to  rush  into  production 
apparatus  based  on  the  Harvard  development.  Con¬ 
sequently,  the  principal  value  of  this  work  resides  in 
its  future  applications.  In  this  respect,  one  must  as¬ 
sume  that  every  effort  will  be  made  to  develop  sub¬ 


marines  which,  both  from  aircraft  and  from  surface 
ships,  will  be  more  difficult  to  locate  and  to  attack 
successfully.  If  scanning  sonar  fulfills  its  promise, 
gear  of  this  type  should  prove  important  in  the  detec¬ 
tion  and  location  of  the  submarine  of  the  future.  Its 
demonstrated  performance  has  already  indicated  its 
potentialities  for  attaining  other  objectives  in  sub¬ 
surface  warfare. 

Other  development  groups  are  continuing  this 
project  and  it  is  obviously  desirable  to  provide  these 
with  reasonably  complete  information  as  to  prior 
work.  This  has  been  the  principal  objective  of  this 
report  and  it  is  presented  with  the  hope  that  it  may 
serve  this  purpose. 

The  Division  expresses  its  appreciation  of  the  per¬ 
formance  of  the  group  of  scientists  and  engineers  en¬ 
gaged  on  this  project  under  the  able  direction  of  Dr. 
F.  V.  Hunt,  Director,  and  Dr.  C.  P.  Boner,  Associate 
Director  of  the  Harvard  Underwater  Sound  Labora¬ 
tory.  The  Division  also  acknowledges  the  contribu¬ 
tion  of  the  Sangamo  Electric  Company  which,  under 
a  Division  contract,  designed  and  produced  a  number 
of  workmanlike  models  for  test  and  demonstration. 

During  the  four-year  period  over  which  this  pro¬ 
gram  has  continued,  the  Division  and  the  contractor 
have  maintained  close  liaison  with  the  Office  of  the 
Coordinator  of  Research  and  Development  for  the 
Navy  and  with  the  Bureau  of  Ships.  By  making  fa¬ 
cilities  available  and  by  giving  advice  and  support, 
the  progress  of  this  development  has  been  greatly 
facilitated. 

John  T.  Tate 
Chief,  Division  6 
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PREFACE 


This  volume  is  devoted  to  an  account  of  the  devel-  that  the  first  three  chapters  constitute  an  account  of 
opment  of  scanning  sonar,  a  method  of  under-  the  basic  principles,  design  considerations,  and  per- 
water  sound  signaling  which  provides  a  continuous  formance  expectations.  Subsequent  chapters  recite  in 
display  of  the  position  of  all  underwater  objects  some  detail  the  development  work  carried  on  during 
within  acoustical  detection  range.  The  development  the  period  1941-1945,  and  the  report  concludes  with 
was  begun  in  August  1941  at  the  Underwater  Sound  a  chapter  setting  forth  recommendations  for  future 
Laboratory,  Harvard  University  [HUSL]  (OSRD  work. 

Contract  OEMsr-287),  and  continued  as  an  integral  The  preparation  of  this  report  has  been  a  group 
part  of  the  sonar  development  program  sponsored  by  effort  of  members  of  the  scanning  sonar  division  and 
Division  6  of  the  National  Defense  Research  Com-  the  editorial  division  of  the  Underwater  Sound  Labo- 


mittee.  After  shipboard  trials  of  experimental  equip¬ 
ment,  pilot  production  was  initiated  in  1944  by  the 
Sangamo  Electric  Company  (Contracts  OEMsr-1288 
and  NXsr-46933),  and  four  Navy  vessels  had  been 
equipped  with  prototype  scanning  sonar,  designated 
XQHA,  by  the  spring  of  1945. 

The  outstanding  feature  of  scanning  sonar  can  be 
illustrated  by  comparing  the  different  methods  used 
in  searching  a  large  area  by  sound  waves  or  by  electro¬ 
magnetic  waves.  The  high  velocity  of  propagation  of 
electromagnetic  waves  makes  it  possible  to  search 
quickly  to  all  useful  ranges  for  any  given  azimuth 
bearing  and  to  repeat  this  process  at  successive  bear¬ 
ings  rapidly  enough  to  examine  the  entire  horizon 
within  an  interval  of  a  few  seconds.  A  similar  proce¬ 
dure  has  been  used  for  many  years,  searching  the  sub¬ 
surface  horizon  by  standard  “searchlight”  sonar,  but 
the  relatively  low  velocity  of  sound  waves,  even  in  sea 
water,  makes  such  a  process  very  slow.  However,  by 
inverting  the  searching  processes  it  has  been  possible 
to  overcome  these  time  handicaps.  This  inversion 
consists  in  irradiating  the  whole  horizon  with  a  trans¬ 
mitted  pulse  of  sound  and  in  searching  very  rapidly 
at  all  azimuth  bearings  as  the  range  increases  slowly 
in  accordance  with  the  relatively  low  velocity  of 
sound  propagation.  As  a  result  of  this  interchange  of 
slow  and  rapid  search  between  range  and  bearing,  it 
has  been  possible  to  devise  sonar  systems  which  scan 
the  entire  horizon  to  the  range  limits  of  expected  de¬ 
tection  within  time  intervals  comparable  with  those 
required  by  search  radar  sets  for  coverage  of  the  hori- 


ratory,  Harvard  University.  The  first  draft  of  the 
manuscript  was  assembled  under  the  supervision  of 
O.  H.  Schuck,  with  R.  M.  Scott,  R.  B.  Bowersox,  C.  M. 
Wallis,  R.  B.  Watson,  and  M.  H.  Hebb  serving  as 
chapter  editors. 

The  development  of  scanning  sonar  has  been  car¬ 
ried  out  under  the  auspices  of  Division  6  as  a  part  of 
Navy  Project  NS- 142.  The  work  described  in  this  vol¬ 
ume  has  at  one  time  or  another  engaged  the  attention 
of  almost  the  entire  staff  of  the  Harvard  laboratory 
concerned  with  sonar  equipment.  The  following  tab¬ 
ulation  lists  those  who  have  made  principal  contribu¬ 
tions  to  this  program: 


Blumberg,  R.  K. 

Lowance,  F.  E. 

Boner,  C.  P. 

McKittrick,  M. 

Bowersox,  R.  B. 

Marlow,  W.  C.,  Jr. 

Bundy,  F.  P. 

Merritt,  T.  P. 

Camp,  L.  W. 

Morton,  R.  C. 

Coleman,  J.  S. 

Nash,  H.  E. 

Cummerow,  R.  L. 

Natwick,  J.  O. 

Evers,  J.  L. 

Nitchie,  F.  R.,  Jr. 

Fromm,  K. 

Patterson,  A.,  Jr. 

Handel,  N.  E. 

Payne,  R.  E. 

Harrison,  G.  I. 

Pellam,  J. 

Hathaway,  J.  L. 

Rich,  S.  R. 

Hebb,  M.  H. 

Saunders,  N.  B. 

Henderson,  H.  W. 

Schuck,  O.  H. 

Hesthal,  C.  E. 

Scott,  R.  M. 

Horton,  C.  W. 

Smith,  P.  L. 

Hunt,  F.  V 

Wallace,  R.  H. 

Jones,  F.  1>. 

Wallis,  C.  M. 

Knauss,  H.  P. 

Watson,  R.  B. 

Whitmarsh,  D.  C. 


zon  to  their  maximum  detection  range. 

This  report  presents  the  basic  principles  of  omni¬ 
directional  scanning  sonar  systems,  equipment  design 
considerations,  the  construction  of  prototype  equip¬ 
ment,  an  analysis  of  operating  tests,  and  recommen- 
\  dations  for  future  work  in  this  field.'ilt  is  arranged  so 


Navy  liaison  was  provided  throughout  the  develop¬ 
ment  by  Capt.  Rawson  Bennett  II,  Bureau  of  Ships. 
During  portions  of  this  period.  Navy  liaison  assist¬ 
ance  was  also  provided  by  Comdr.  C.  L.  Engleman 
and  Comdr.  J.  C.  Myers,  Bureau  of  Ships;  Comdr. 
M.  R.  Peterson,  Comdr.  R.  D.  Shepard,  and  Lt. 
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Comdr.  S.  D.  B.  Merrill,  Tenth  Fleet;  Lt.  Comdr. 
R.  G.  Snider,  ASDevLant;  and  Comdr.  J.  B.  Knight, 
U.  S.  Navy  Underwater  Sound  Laboratory.  Grateful 
acknowledgment  is  also  extended  to  the  many  Navy 
officers  who  gave  assistance  from  time  to  time  in  con¬ 
nection  with  operating  tests. 

In  addition  to  the  foregoing  members  of  the  staff  of 
the  Harvard  Underwater  Sound  Laboratory,  C.  H. 


Lanphier,  F.  C.  Holtz,  J.  S.  Martin,  W.  W.  Sherwood, 
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Chapter  1 

INTRODUCTION 


i  i  GENERAL  DESCRIPTION  OF 
SEARCHLIGHT  SYSTEM 

A  brief  description  of  the  operation  of  sonar  gear 
used  prior  to  scanning  equipment  contributes 
to  an  understanding  of  the  newer  devices  and  tech¬ 
niques  discussed  later  in  this  report.  Most  of  the 
pre-scanning  equipment  either  is,  or  is  similar  to, 
that  commonly  designated  as  QC  and  is  of  the  search¬ 
light  type.  A  system  of  this  kind  first  sends  out  a  ping 
or  pulse  of  sound  in  a  particular  direction  under 
water,  and  then  listens  for  echoes  returning  from 
that  direction.  If  an  echo  is  returned,  the  range  of 
the  reflecting  target  is  determined  from  the  time  in¬ 
terval  between  emission  of  the  ping  and  arrival  of 
the  echo,  while  its  bearing  is  the  direction  from 
which  the  loudest  echo  is  returned.  The  chemical 
range  recorder  and  the  bearing  deviation  indicator 
[BDI]1  measure  the  respective  quantities  of  range 
and  bearing  fairly  accurately.  The  general  shipboard 
arrangement  of  sonar  gear  of  this  type  is  shown  in 
Figure  1. 

The  searchlight  system  has  several  operational 
limitations  which  are  of  interest  in  connection  with 
the  discussion  of  scanning  sonar. 

1.  Since  the  projector  is  sharply  directional,  it  de¬ 
tects  a  target  at  a  given  bearing  only  if  it  is  trained 
in  that  direction  when  the  ping  is  emitted  and  re¬ 
mains  in  that  position  long  enough  for  an  echo  to 
be  received  from  a  target  at  the  greatest  possible 
range.  This  listening  interval  places  an  obvious 
limitation  upon  the  speed  in  searching  a  given  sec¬ 
tor,  and  hence  upon  the  efficiency  of  both  screening 
and  searching. 

2.  While  a  ship  carrying  searchlight  sonar  is  at¬ 
tacking  a  target,  it  is  impossible  for  the  sonar  op¬ 
erator  to  search  for  possible  targets  at  other  bearings 
or  even  to  hear  noise  from  other  targets  or  torpedoes. 
Thus  the  ability  of  a  searchlight-type  sonar  to  pro¬ 
tect  the  ship  on  which  it  is  installed  is  limited. 

3.  Maintenance  of  sound  contact  is  difficult  when 
the  target  is  conducting  evasive  tactics,  or  when  the 
attacking  ship  is  passing  over  the  target.  Further¬ 
more,  target  wake,  decoys,  and  wakes  from  other 
ships  increase  this  difficulty.  If  contact  with  the  target 


is  lost,  searching  a  large  sector  again  may  be  neces¬ 
sary. 

4.  The  searchlight  system  projector  is  large  and 
heavy  and  its  operation  requires  it  to  be  trainable 
in  all  directions,  necessitating  the  use  of  extra  me¬ 
chanical  gear. 

5.  The  sonar  operator  must  be  well  trained  to 
operate  the  equipment  skillfully  and  to  interpret 
its  indications  correctly. 

12  DESIRABILITY  OF  ALL-AROUND 
SEARCH  AND  PPI  INDICATION 

Early  in  World  War  II  the  need  was  seen  for  a 
search  system  giving  simultaneous  sensitivity  through 
360  degrees,  and  presentation  on  a  plan  position 
indicator  [PPI]  screen  of  continuous  information  on 
range  and  bearing  of  all  targets  within  the  maximum 
echo  range.  An  omnidirectional  search  or  scanning 
system  of  this  sort  would  increase  ship  security  by 
searching  in  all  directions  simultaneously,  and  by 
picking  up  echoes  from  multiple  targets  even  during 
an  attack  on  a  specific  target.  Being  continually  alert 
in  all  directions,  it  therefore  would  detect  approach¬ 
ing  torpedoes. 

Experience  with  the  scanning  sonars  developed  at 
Harvard  Underwater  Sound  Laboratory  [HUSL]  has 
justified  these  expectations.  If  sea  conditions  permit 
reception  of  any  echoes  at  all,  contact  with  a  target 
under  attack  is  practically  never  lost,  even  though 
the  target  may  be  using  evasive  tactics.  In  addition, 
the  systems  tested  have  proved  alert  to  noise  sources, 
indicating  their  bearings  by  “noise  radials”  on  the 
PPI  screen.  In  test  firings  of  torpedoes,  detection  on 
the  screen  has  occurred  in  ample  time  to  permit 
evasive  maneuvers.  Operator  skill  with  the  scanning- 
type  sonar  is  less  important  than  with  the  searchlight 
type.  Instead  of  training  the  projector  continually 
by  a  series  of  small  steps,  the  operator  sees  the  loca¬ 
tion  of  all  targets  within  echo  range  at  all  times. 
The  fact  that  the  wake  of  a  target  and  the  target  it¬ 
self  both  appear  on  the  screen  aids  the  conning 
officer  in  conducting  the  attack. 

In  the  scanning  system  searching  at  high  speeds  is 
automatic  so  that  there  is  little  danger  that  the  opera- 
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Figure  1.  Destroyer  installation  of  searchlight  sonar. 


tor  will  miss  any  echoes.  Even  though  he  may  not  see 
the  proper  portion  of  the  screen  when  an  echo  first 
appears,  its  repetition  on  successive  pings  and  the 
persistence  of  the  screen  indication  make  it  difficult 
to  overlook  the  echo  trace. 

As  mentioned  above,  the  chief  advantage  of  the 
PPI  is  in  presenting  all  reflecting  targets  in  their 
proper  relationship  to  each  other  and  to  own  ship. 
There  is  the  problem  of  separating  echo  traces  of 
undesired  targets,  such  as  rocks,  from  those  of  sub¬ 
marines.  If  the  presentation  is  a  relative  position 
plot  with  own  ship  at  the  center,  spots  on  the  screen 
caused  by  rocks  or  other  fixed  targets  move  across  the 
screen  as  a  group,  remaining  fixed  with  respect  to 
each  other,  as  own  ship  moves.  Echo  traces  from 
submarines  or  other  moving  targets,  however,  may 
be  identified  by  their  movements  with  respect  to 
other  spots. 

It  is  also  possible,  with  such  a  PPI  screen,  to  pre¬ 
sent  all  targets  and  own-ship’s  motion  in  a  true-bear¬ 
ing  relationship.  The  entire  display  can  be  made  to 
move  across  the  screen  at  a  rate  to  compensate  for 
own-ship’s  motion,  producing  a  geographical  plot. 

1  s  GENERAL  DESCRIPTION  OF  HUSL 
SCANNING  SYSTEM 

The  two  outstanding  characteristics  of  the  scan¬ 
ning  system  developed  at  HUSL  are,  in  brief: 

1.  Emission  of  a  short  omnidirectional  ping. 

2.  Reception  of  the  echo  by  a  rapidly  rotating 
beam  of  sensitivity. 

The  general  arrangement  of  the  gear  is  shown  in  the 


Figure  2.  Destroyer  installation  of  scanning  sonar. 


block  diagram  of  Figure  2.  The  sequence  of  events  in 
operation  is  as  follows: 

The  short  ping  is  emitted  in  all  directions  simul¬ 
taneously.  Immediately  following  the  ping,  a  sharp 
beam  of  receiving  sensitivity  scans  the  horizon  very 
rapidly  at  rates  varying  from  30  rps  to  500  rps.  Any 
returning  target  echo  is  received  by  this  rotating 
beam  as  it  passes  the  target’s  bearing.  It  is  amplified 
by  a  standard  receiver  and  then  brightens  a  moving 
spot  on  the  PPI  screen.  The  PPI  scope  is  designed  so 
that  the  spot,  which  is  invisible  in  the  absence  of  a 
signal,  starts  at  the  center  of  the  screen  with  each 
ping  and  travels  outward  in  a  spiral.  Since  the  rota¬ 
tions  of  the  spot  and  the  scanning  beam  are  syn¬ 
chronized,  an  echo  from  a  given  bearing  will  brighten 
the  moving  spot  at  the  corresponding  bearing  on  the 
screen.  The  radius  of  the  spiral  increases  at  a 
uniform  rate  so  that  the  distance  from  an  echo 
brightened  spot  to  the  center  of  the  screen  indicates 
the  target’s  range.  In  other  words,  the  scanning  sonar 
PPI  presents  a  ship-centered  map  on  which  any  given 
target  is  located  correctly  in  range  and  bearing. 

If  the  scanning  beam  is  to  pick  up  at  least  part  of 
the  echo  from  any  target  within  echo  range,  regard¬ 
less  of  bearing,  the  emitted  pulse  must  be  at  least 
as  long  as  the  time  required  for  one  complete  rota¬ 
tion  of  the  scanning  beam.  For  example,  with  a 
scanning  rate  of  30  rps  the  time  required  for  one 
revolution  of  the  scanning  beam  is  about  33  milli¬ 
seconds.  If  a  target  is  800  yards  distant,  one  second, 
in  which  the  scanning  beam  makes  30  revolutions, 
is  required  for  the  sound  to  go  out  and  the  echo  to 
return.  During  this  one  second  the  dark  spot  on  the 
PPI  screen  travels  outward  in  a  spiral  which  breaks 
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up  the  800-yard  range  into  steps  of  approximately 
27  yards  each.  This  range  resolution  can  be  increased 
by  increasing  the  scanning  speed  to  as  much  as  500 
rps  and  correspondingly  reducing  the  minimum 
length  of  the  ping. 

A  source  of  noise  in  the  immediate  vicinity  of  own 
ship  or  of  the  target  appears  on  the  PPI  scope  as  a 
bright  radial  streak,  caused  by  the  scanning  beam 
receiving  a  signal  each  time  it  passes  the  noise  source 
and  thus  brightening  a  corresponding  spot  on  every 
spiral.  This  noise  radial  on  the  PPI  scope  gives  the 
bearing  of  the  noise  source  but  not  the  range. 

It  should  be  noted  that  an  echo  from  a  small  ob¬ 
ject  is  presented  on  the  PPI  screen  as  an  arc  of  the 
spiral,  the  length  of  which  corresponds  to  the  width 
of  the  beam  of  receiving  sensitivity  which  is  being 
rotated.  An  extended  target  may  give  an  echo  whose 
length  in  time  is  greater  than  the  time  length  of  the 
ping,  and  the  bright  arc  on  the  PPI  screen  is  cor¬ 
respondingly  wider  in  bearing  and  may  also  occur 
on  successive  spirals.  The  wake  of  a  passing  ship,  for 
example,  usually  produces  echoes  which  appear  on 
the  PPI  screen  as  a  long,  bright  streak  covering  a 
number  of  spirals.  It  has  been  found  that  the  center 
of  the  arc  gives  a  good  approximation  of  the  bearing 
of  the  target  and  can  usually  be  measured  to  within 
a  fraction  of  a  degree  by  an  operator  with  only  lim¬ 
ited  experience. 

Figure  3  is  a  photograph  of  the  PPI  screen  show¬ 
ing  a  variety  of  targets.  This  picture  was  taken  in 
Boston  Harbor  during  a  single  ping  and  is  typical 
of  the  appearance  of  the  screen  under  shallow-water 
conditions  when  own  ship  is  stationary.  Usually  the 
propellers  of  the  attacking  ship  make  sufficient  noise 
in  the  water  to  produce  a  faint  noise  radial  on  the 
PPI  screen  in  the  aft  direction. 

The  cylindrical  transducer  of  the  scanning  system 
is  composed  of  36  or  more  vertical  staves,  which  can 
be  connected  together  for  transmitting  and  whose 
individual  signals  are  combined  to  form  a  sharp 
beam  for  receiving.  During  transmission  all  staves 
are  connected  in  parallel  to  the  transmitter  to  con¬ 
stitute  a  uniform  cylindrical  radiator.  The  sound 
distribution  for  an  azimuthal  scanning  system  is  es¬ 
sentially  the  same  in  all  horizontal  directions,  but  is 
restricted  usually  to  a  fairly  small  vertical  angle. 
During  the  reception,  the  staves  are  disconnected 
from  the  transmitter  and  connected  separately  to 
the  scanning  device.  This  may  be  a  mechanically 
rotating  capacitive  or  inductive  commutator,  or  an 


Figure  3.  PPI  screen  showing  several  targets  (CR/ER 
sonar). 


electronic  switching  device,  either  of  which  contains 
the  beam-forming  network  by  means  of  which  a 
single  sharp  beam  of  sensitivity  is  usually  formed 
from  about  one-third  of  the  total  number  of  trans¬ 
ducer  elements.  This  beam  is  rotated  at  a  rapid  rate 
by  means  of  the  scanning  commutator,  so  that  the 
effect  produced  in  reception  is  the  same  as  if  a  highly 
directional  hydrophone  of  the  QC  type  were  rapidly 
rotated  under  water  at  30  to  500  rps.  The  receiver, 
transmitter,  and  other  associated  electronic  equip¬ 
ment  may  be  much  the  same  as  in  the  ordinary  QC 
system,  except  that  the  omnidirectional  cylindrical 
scanning  transducer  requires  about  20  times  as  much 
electric  power  as  the  searchlight-type  projector  to 
produce  the  same  emission  intensity  in  a  given  direc¬ 
tion.  The  type  letters  QH  have  been  assigned  by 
BuShips  to  this  form  of  sonar. 

1  4  OTHER  OMNIDIRECTIONAL 
SEARCH  SYSTEMS 

Several  omnidirectional  search  systems  other  than 
the  one  described  in  this  report  have  been  under 
development'  by  various  groups.  It  is  beyond  the 
scope  of  this  volume  to  describe  these  developments 
in  detail,  but  their  salient  features  will  be  described 
briefly. 
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An  omnidirectional  scanning  system  has  been  un¬ 
der  development  and  experimental  study  by  the 
British  Navy.  This  version  of  scanning  sonar  has 
many  features  in  common  with  QH  sonar,  including 
use  of  a  multielement  (72-element)  cylindrical  trans¬ 
ducer.  Multiple  lag  lines  are  connected  to  the  trans¬ 
ducer  elements  to  provide  72  fixed  sharp-beam 
patterns  for  each  of  which  a  separate  amplifier  and 
rectifier  are  provided.  The  charge  on  each  rectifier 
capacitor,  representing  the  amplitude  of  the  signal 
coming  from  a  particular  direction,  is  scanned  at 
high  speed  by  a  suitable  electronic  switch  and  pre¬ 
sented  on  a  PPI  scope.  This  arrangement  has  been 
characterized  as  a  storage  system,  since  the  entire 
length  of  the  echo  signal  from  a  particular  direction 
is  stored  in  the  output  capacitor  of  a  particular  direc¬ 
tional  channel  for  subsequent  scanning.  In  addition 
to  providing  for  integration  of  the  pulse  over  its 
entire  length,  the  scanning  frequency  can  be  selected 
independently  without  reference  to  the  length  of  the 
transmitted  pulse.  These  are  desirable  features  not 
present  in  the  QH  scanning  system,  but  attained  in 
the  British  system  with  a  greatly  increased  complex¬ 
ity  of  the  equipment. 

Another  system,  characterized  as  frequency  modu¬ 
lation  [FM]  sonar,  received  extensive  development 
at  the  University  of  California  Division  of  War  Re¬ 
search  [UCDWR],  San  Diego  Laboratory.  This  sonar 
system,  designated  QL,  is  described  in  detail  in  an¬ 
other  volume  of  the  Summary  Technical  Report. 
In  this  apparatus,  a  continuous  beam  of  sound  is 
emitted  by  a  directional  transducer  whose  frequency 
varies  linearly  with  time  over  approximately  a  10-kc 
range— for  example,  25  kc  to  35  kc.  The  echoes, 
which  are  received  by  a  second  directional  trans¬ 
ducer  pointed  to  the  same  bearing  as  the  first,  are 
amplified  by  a  receiver  and  filter  system  that  trans¬ 
mits  only  signals  of  a  definite  frequency.  The  oscil¬ 
lator  that  sends  out  transmitted  signals  serves  also 
as  the  beat-frequency  oscillator  in  the  receiver,  so 
that  any  echo  signals  returning  to  the  second  trans¬ 
ducer  give  a  signal  in  the  receiver  whose  frequency 
differs  by  an  amount  which  depends  upon  the  range 
of  the  target.  Thus,  the  range  of  the  observed  echo 
is  determined  and  measured  by  the  frequency  of  the 
echo  as  it  passes  through  the  heterodyne  receiver. 
A  bank  of  20  different  filters  covering  a  suitable 
range  of  frequencies  is  customarily  used.  The  out¬ 
put  from  these  filters  is  scanned  by  electronic  switch¬ 
ing  to  give  a  continuous  indication  of  all  echoes  at 


any  range  for  a  particular  bearing.  This  FM  system 
gives  an  essentially  continuous  indication  of  all 
targets  on  a  given  bearing,  whatever  their  ranges, 
but  the  various  bearings  must  be  scanned  at  a  rather 
slow  rate.  The  short-ping  rapid-scan  HUSL  system, 
on  the  other  hand,  scans  all  bearings  continuously, 
but  must  wait  for  echoes  from  different  ranges,  that 
is,  until  sound  proceeds  from  the  transmitter  to  the 
target  and  back  to  the  receiver.  Thus  these  two  sys¬ 
tems  differ  fundamentally  in  method  of  scanning. 

A  third  scanning  system,  investigated  to  some  ex¬ 
tent  by  the  Submarine  Signal  Company  [SSC],  is  in 
effect  an  annular  search  device  in  which  two  direc¬ 
tional  projectors  are  used,  one  to  transmit,  the  other 
to  receive.  These  projectors  are  mounted  with  a  fixed 
angle  of  training  between  them  (180  degrees  in  the 
SSC  test  set)  which  remains  constant  while  they  are 
mechanically  rotated  about  a  vertical  axis  at  speeds 
of  from  9  to  80  rpm.  One  projector  transmits  a  signal 
continuously  into  the  water,  and  the  other  picks  up 
echoes  which  may  be  returned  from  any  point  around 
the  horizon.  Both  have  fairly  sharp  directionality 
patterns.  Thus,  a  target  at  a  given  range  is  illumi¬ 
nated  by  sound  from  the  transmitting  projector 
some  time  after  that  projector  has  passed  the  target’s 
bearing  and  returns  an  echo  which  arrives  at  the 
receiving  transducer,  if  the  range  and  the  speed  of 
rotation  are  correct,  at  just  the  moment  it  is  trained 
in  the  target’s  direction.  This  means  that  the  range 
from  which  the  echoes  can  be  received  at  any  given 
time  depends  on  the  rotating  speed  of  the  two  trans¬ 
ducers  and  the  fixed  angle  between  them.  Because 
of  the  finite  widths  of  the  transmitting  and  receiving 
beam  patterns,  an  annular  area  of  finite  width  in 
range  is  being  scanned  for  targets  at  any  given  speed 
of  revolution  of  the  projectors.  The  operator  can 
vary  the  average  range  of  this  annular  region  at  will 
by  varying  the  rotational  speed  of  the  scanning  trans¬ 
ducers. 

In  tests  the  magnetostriction  face  and  the  crystal 
face  of  the  QC-JK  combination  SSC  projector  have 
been  used  as  the  projector  and  receiver.  With  this 
outfit,  a  speed  of  9.6  rpm  was  found  to  give  a  range 
band  centered  at  about  2,500  yards,  while  a  speed  of 
80  rpm  gave  a  range  band  centered  at  about  300 
yards.  It  was  planned  to  record  the  echoes  picked  up 
by  this  system  on  a  moving  sheet  of  chemically 
treated  paper  at  the  correct  range  and  bearing,  with 
own  ship  at  the  center  of  the  plot.  By  having  the 
paper  move  at  a  rate  proportional  to  own-ship’s 
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speed,  a  modified  geographical  plot  was  obtained  in 
which  own  ship  appeared  to  steer  a  straight  course  at 
all  times.  Such  a  plot  may  be  said  to  be  geographical, 
showing  relative  bearing  rather  than  true  bearing. 
This  system  is  probably  better  suited  for  use  as  pro¬ 
tective  equipment  than  as  an  attack  device  since  the 
high  speed  of  projector  rotation  necessary  for  in¬ 
vestigating  close  ranges  during  attack  is  mechanically 
difficult. 

i  s  HISTORICAL  SURVEY  OF 

PRELIMINARY  WORK  ON 
SCANNING  SONAR 

One  of  the  first  problems  undertaken  by  HUSL 
after  its  organization  in  the  summer  of  1941  was  that 
of  devising  an  omnidirectional  search  system  to  re¬ 
place  the  QC,  or  searchlight-type,  sound  gear  then 
in  use.  The  first  scheme  discussed  was  a  crossed- 
dipole  system,  analogous  to  existing  radio  direction 
finders,  in  which  either  two  crossed-loop  antennas 
or  four  vertical  antennas  (Adcock  system)  form  a 
crossed-dipole  receiving  antenna  system.  Signals  re¬ 
ceived  from  these  antenna  systems  are  applied 
through  two  separate  amplifiers  to  the  plates  of  a 
CRO,  so  that  the  point  at  which  the  electron  beam 
strikes  the  scope  face  is  deflected  in  a  direction  cor¬ 
responding  to  the  bearing  of  the  signal  source.  A 
fifth  antenna  may  be  connected  into  the  system  to 
blank  out  the  spot  on  one-half  of  its  deflection  cycle, 
and  thus  eliminate  the  180-degree  ambiguity  of  the 
bearing  indication.  A  crossed-dipole  scheme  of  this 
kind,  in  which  rotation  was  accomplished  by  suitable 
modulation  of  the  signals  received  from  the  separate 
dipoles,  was  one  of  the  methods  of  producing  a  rotat¬ 
ing  beam  under  water  which  was  tried  and  discarded 
very  early  in  the  history  of  HUSL. 

Another  system  used  in  radio  direction  finding  is 
the  “Musa”  system,  in  which  a  small  number  of 
antennas  are  connected  to  suitable  networks  to  form 
a  beam  in  the  vertical  direction  that  can  be  steered 
by  varying  the  compensator  network.  This  scheme 
of  steering  a  beam  of  sensitivity  by  means  of  compen¬ 
sator  networks,  which  can  be  changed  by  suitable 
commutators,  is  the  basis  of  most  of  the  scanning 
systems  used  under  water. 

Several  German  patentsa-b’c  dating  from  about 
1930,  propose  this  steerable  beam  of  sensitivity  in 
underwater  direction  finding.  One  such  scheme,  de¬ 


scribed  in  a  patent, a  was  apparently  used  on  the 
German  submarine  captured  by  the  British  and  re¬ 
named  HMS  Graph. 

Another  patentb  is  of  interest  here,  because  it  in¬ 
cluded  a  proposal  for  a  cylindrical  transducer  with 
elements  which  could  be  excited  independently  of 
one  another.  This  transducer  was  in  the  form  of  a 
ring  with  teeth,  somewhat  like  a  motor  armature 
stamping,  made  of  laminated  nickel  sheets.  Each 
tooth  was  to  be  wound  independently  to  form  a  sepa¬ 
rate  and  independent  element  of  the  hydrophone. 
The  vertical  elements  were  then  to  be  connected  with 
electric  compensating  networks  to  give  a  unidirec¬ 
tional  beam  of  sensitivity  which  could  be  steered  to 
any  direction  by  means  of  a  commutator. 

16  HISTORICAL  DEVELOPMENT  OF 
HUSL  SCANNING  SYSTEM 

161  Earliest  Studies 

The  method  for  underwater  scanning  first  dis¬ 
cussed  at  HUSL  involved  some  principles  of  the  FM 
system.  In  this  scheme,  a  sawtooth  frequency  sweep 
of  about  5-kc  range  in  10  seconds  was  to  be  broadcast 
under  water  in  all  directions.  Any  returning  echo 
would  be  picked  up  by  a  directional  transducer  and 
heterodyned  with  the  oscillator  generating  the  out¬ 
going  signal.  Thus,  the  difference  in  frequency  be¬ 
tween  the  outgoing  signal  and  the  echo  would  be  a 
measure  of  the  range,  with  a  difference  of  1,000  c 
corresponding  to  a  range  of  1  mile. 

This  frequency  difference  then  would  be  amplified 
and  applied  to  a  frequency  meter  circuit,  the  output 
of  which  would  be  applied  to  a  PPI  scope  to  produce 
a  radial  deflection.  Instead  of  using  a  spiral  sweep 
on  the  CRO,  the  spot  was  to  be  rotated  somewhere 
near  the  center  by  potentiometers  geared  to  whatever 
mechanism  was  used  to  rotate  the  sharp  pattern  of 
the  receiver  sensitivity.  When  an  echo  arrived,  it 
would  deflect  the  spot  radially  from  the  center  at  the 
appropriate  bearing  of  the  target.  The  magnitude  of 
this  deflection  from  the  center  would  be  a  measure 

a  W.  Rudolph,  U.S.  Patent  No.  1,977,974  (1934). 

t>  Kallmeyer,  DRP  No.  620,872  (1934). 

c  Some  other  patents  on  the  subject  of  electric  compensating 
networks  are: 

H.  Hecht  and  H.  Stenzel,  U.S.  1,893,741  (1933). 

F.  Lange,  U.S.  1,971,688  (1934). 

F.  Fischer,  ILS^^|5,708  (1935). 
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of  the  frequency  of  the  returning  signal  and,  there¬ 
fore,  a  measure  of  the  range  of  the  target.  The  rotat¬ 
ing  receiver  pattern  was  to  be  scanned  or  rotated  by 
some  sort  of  mechanical  commutator.  No  actual  ap¬ 
paratus  was  built  and  the  scheme  was  abandoned 
for  a  number  of  reasons.  Construction  of  a  projector 
capable  of  handling  the  wide  range  of  frequencies 
without  significant  changes  in  amplitudes  was  diffi¬ 
cult,  as  was  providing  a  suitable  sawtooth  frequency 
sweep  which  would  be  truly  linear.  The  additional 
difficulty  of  dead  time  associated  with  the  flyback 
was  encountered,  for,  as  the  sweep  started  over,  it 
would  be  possible  to  receive  echoes  from  objects  just 
beyond  the  range  being  searched.  Such  echoes  would 
have  a  frequency  which,  when  heterodyned  with  the 
new  frequency  of  the  sweep,  would  appear  on  the 
scope  at  an  incorrect  range.  Thus  in  practice  it  would 
be  necessary  to  blank  out  a  certain  region  of  the 
scope  and  this  was  regarded  as  a  major  drawback. 

The  scanning  method  finally  developed  at  HUSL 
was  studied  in  some  detail  during  the  summer  and 
fall  of  1941  and  the  preliminary  reports  issued  in 
December  of  that  year.2  At  first,  it  appeared  that  a 
multiple  array  of  small  projectors  might  be  con¬ 
nected  to  each  other  with  networks,  so  that  sharp 
beams  could  be  formed  in  a  number  of  directions. 
This  idea  was  soon  abandoned,  however,  in  favor  of 
a  single  transducer  with  multiple  vertical  elements 
which  could  be  considered  as  individual  transducers. 
The  electromechanically  rotated  sharp-beam  system 
was  never  constructed  but  is  described  below  for  its 
historical  interest. 

A  250-millisecond  ping  was  to  be  sent  out  by  a  non- 
directional  transducer  which  might  be  either  the 
receiving  or  a  separate  transmitting  transducer.  The 
PPI  was  to  be  a  cathode-ray  tube  with  a  spiral  sweep 
of  4  rps  synchronized  with  the  rotation  of  the  sharp 
receiving  beam.  Any  echo  picked  up  would  be  ampli¬ 
fied  and  used  to  brighten  the  spot  on  the  indicator  at 
the  appropriate  bearing  and  range.  The  range  could 
thus  be  read  on  the  face  of  the  PPI  scope  to  within 
approximately  ±100  yards.  A  36-element  projector 
was  to  be  used  as  a  receiver  with  36  separate  electric 
compensating  networks  forming  as  many  receiving 
beams.  These  beams  would  then  be  fed  through  a 
mechanical  commutator  which  would  rotate  and 
switch  from  one  beam  to  another.  By  use  of  a  com¬ 
mutator,  signals  picked  up  by  the  various  beams 
would  be  applied  successively  to  the  indicator  to 
brighten  the  spot  on  the  scope. 


The  indication  on  the  PPI  during  reception  of  an 
echo  would  be  a  series  of  short  arcs  of  differing  in¬ 
tensity,  the  overall  effects  of  which  would  be  the 
equivalent  of  a  single  longer  arc  of  variable  intensity. 
There  would  be  enough  overlap  in  the  beam  in  the 
different  directions  to  make  these  10-degree  steps 
sufficiently  sharp. 

In  order  to  transmit  and  receive  with  the  same 
transducer,  36  send-receive  relay  contacts  were  to  be 
used  for  connecting  the  transducer  to  the  transmitter 
during  the  ping,  and  then  to  the  compensator  net¬ 
work  and  receiver  for  reception  of  echoes.  Since  con¬ 
siderations  of  wear  would  limit  the  commutator 
speed  to  comparatively  low  values  with  resulting 
poor  range  resolution,  it  was  believed  that  this  sys¬ 
tem  would  be  chiefly  applicable  to  protection  of 
convoys,  rather  than  to  attacking  vessels.  Various  de¬ 
signs  were  discussed  but  no  apparatus  of  this  type  was 
built.  However,  these  design  studies  are  fundamental 
to  later  scanning  sonar  apparatus,  and  will  be  de¬ 
scribed  here. 

In  searching  at  a  range  of  5,000  yards,  6.25  seconds 
must  elapse  between  pings  to  allow  time  for  the  re¬ 
turn  of  an  echo  from  that  distance;  echoes  from  a 
particular  target  would  accordingly  appear  only 
once  in  every  interval  of  that  length.  This  would 
make  a  PPI  screen  of  comparatively  long  persistence 
necessary  and,  fortunately,  such  a  screen,  already 
developed  for  radar  purposes,  was  available  in  lim¬ 
ited  quantities.  It  was  planned  to  use  2-phase  deflec¬ 
tion  coils  on  the  PPI  scope,  and  to  provide  a  2,-phase 
a-c  generator  geared  to  the  commutator  shaft  to  give 
a  2-phase  4-cycle  voltage  synchronized  with  the  rota¬ 
tion  of  the  commutator.  Thus  the  spot  on  the  PPI 
could  be  made  to  sweep  in  a  circular  path  synchron¬ 
ously  with  the  rotation  of  the  commutator.  The 
radial  motion  of  this  circular  sweep  was  to  be  pro¬ 
duced  by  ring  potentiometers  in  each  phase  of  the 
deflection  circuit.  The  movable  contacts  on  these 
potentiometers  were  to  be  driven  by  a  variable  speed 
motor,  so  that  the  spiral  on  the  PPI  scope  would  be 
expanded  at  the  proper  rate  to  cover  the  entire  face 
of  the  scope  within  the  searching  time.  Thus,  the 
expansion  would  take  1.25  seconds  for  searching  a 
1,000-yard  range,  and  12.5  seconds  for  a  10,000  yard 
range.  It  was  planned  to  have  the  transmitter  keyed 
by  a  cam  on  the  commutator  shaft,  so  that  the  pulse 
would  always  start  when  the  spot  on  the  PPI  scope 
was  at  the  180-degree  or  stern  position.  Thus,  any 
transient  occasioned  by  the  switching  of  the  send- 
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receive  relay  by  the  transmitter  would  occur  in  the 
after  direction,  where  echo  ranging  is  always  very 
difficult  because  of  the  noise  from  own-ship's  propel¬ 
lers.  The  receiver  was  to  be  a  standard  type  with  a 
300-c  band-pass  which  was  considered  sufficient  for 
receiving  dopplerized  echoes.  The  gain  on  this  re¬ 
ceiver  would  be  controllable  as  a  function  of  the 
range.  Thus,  the  receiver  gain  would  be  low  just 
after  the  emission  of  the  ping  in  order  to  discriminate 
against  the  reverberation,  while  at  the  same  time 
echoes  would  be  presented  in  the  correct  amplitude 
without  overloading  the  receiver.  Since  it  is  generally 
true  that  the  greater  the  target  range,  the  weaker  the 
echo,  the  gain  of  the  receiver  would  be  increased 
slowly  with  time.  The  cylindrical  projector  of  lami¬ 
nated  nickel,  about  10  inches  high  and  15  inches  in 
diameter,  was  to  be  built  of  36  elements  and  mounted 
in  a  streamlined  housing.  A  36-element  crystal  pro¬ 
jector  suggested  for  the  same  purpose  was  expected 
to  produce  similar  results.  The  transmitted  pulse 
was  to  be  broadcast  rather  than  sent  out  in  a  sharp 
beam  and  about  20  times  the  total  power  would  be 
required,  but  this  was  considered  feasible. 

Before  undertaking  the  construction  of  a  projector 
and  a  system  of  this  kind,  the  transmitting  patterns 
that  might  be  anticipated  from  such  a  36-element 
cylindrical  transducer  were  computed.  It  was  ex¬ 
pected  that  these  would  be  identical  with  the  receiv¬ 
ing  patterns  because  of  the  reciprocal  relationship 
between  the  two.  If  all  36  of  the  elements  were  used 
in  transmitting  at  the  same  phase  and  amplitude, 
the  pattern  would  be  uniform  in  azimuth  around  the 
transducer  and  fairly  sharp  in  the  vertical  plane, 
which  would  be  desirable  for  broadcasting.  During 
reception,  however,  it  was  necessary  to  have  a  pattern 
as  sharply  directional  as  possible.  For  this  purpose, 
only  a  limited  number  of  the  elements  should  be 
connected  and  phased  in  such  a  way  as  to  give  a 
suitable  beam  pattern.  Computations  were  made 
using,  respectively,  25,  19,  13,  and  9  elements  at  a 
time.  These  were  made  always  with  suitable  com¬ 
pensating  phase  networks  to  lag  the  transmitted  sig¬ 
nals  of  the  front  elements  with  respect  to  those  of  the 
side  elements.  With  such  a  phasing  scheme,  the  wave 
generated  by  side  elements  would  arrive  at  a  plane 
through  the  front  of  the  transducer  at  the  moment 
when  the  front  elements  were  generating  an  acous¬ 
tic  wave,  so  that  these  waves  would  be  in  phase  with 
each  other.  In  effect,  all  elements  used  in  transmit¬ 
ting  such  a  narrow  beam  pattern  could  b 
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Figure  4.  Directivity  pattern  of  all  spokes  of  36-spoke 
cylindrical  ring. 

as  located  on  a  plane  surface  and  therefore  would 
be  equivalent  to  a  plane  transducer.  However,  the 
elements  at  the  front  of  the  transducer  would  be 
facing  in  the  direction  of  progression  of  transmitted 
wave,  while  the  elements  at  the  sides  would  be  facing 
at  angles  away  from  that  direction.  Thus,  the  am¬ 
plitude  in  the  forward  direction  of  the  signal  gener¬ 
ated  by  the  side  elements  would  be  somewhat  less 
than  that  of  the  signal  generated  by  the  front  ele¬ 
ments.  It  was  found  possible  to  shade  the  signal 
from  the  side  elements  with  respect  to  the  signal  from 
the  front  elements,  and  so  obtain  a  beam  pattern 
which,  although  somewhat  wider  than  that  obtained 
without  such  shading,  had  lower  minor  lobes  at  the 
sides  of  the  main  beam  pattern.  Examples  of  such 
calculated  beam  patterns  for  36,  13,  and  9  active 
sections  are  shown  in  Figures  4,  5,  and  6. 

In  all  proposals  on  scanning  sonar,  rotation  of  the 
sharp  receiving  beam  pattern  under  water  was  to 
be  accomplished  by  rotating  a  commutator,  rather 
than  the  projector  which  would  be  difficult  to  rotate 
at  high  speeds.  Two  possible  methods  for  obtaining 
the  beam  pattern  were  considered:  one,  before  the 
a  large  number  of  separate 
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Figure  5.  Directivity  pattern  of  13-spoke  section  of 
36-spoke  cylindrical  ring. 


compensator  networks;  and  the  other,  by  connecting 
the  separate  elements  directly  to  the  commutator  and 
then,  by  means  of  the  commutator,  connecting  a 
single  beam-forming  network  to  the  various  elements 
of  the  transducer  in  turn.  This  would  produce  a 
beam  which  could  be  steered  step  by  step,  from  one 
bearing  to  the  next,  the  size  of  a  step  being  deter¬ 
mined  by  the  number  of  transducer  elements.  Ap¬ 
parently,  10-degree  steps  would  be  sufficient,  and 
construction  of  a  transducer  and  commutator  system 
with  more  elements  would  be  impractical.  Later 
the  scheme  of  using  a  commutator  with  capacitive  or 
electromagnetic  coupling  instead  of  brush  contact 
was  conceived  and  developed.  Capacitive  commuta¬ 
tors,  which  are  discussed  in  detail  later,  have  the 
advantage  of  eliminating  the  step-by-step  feature  of 
a  mechanical  commutator  and  allow  fairly  smooth 
commutation  from  one  beam  pattern  to  the  next. 
This  gives  interpolation  between  the  10  sections  of 
a  36-element  transducer,  and  considerably  more  ac¬ 
curate  bearing  determination.  Such  a  commutator 
can  be  rotated  at  higher  speeds  and  accordingly  gives 
a  more  exact  determination  of  range,  so  that  the  sys¬ 
tem  can  be  used  for  an  attack  on  a  target  as  well  as 
for  searching. 
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Figure  6.  Directivity  pattern  of  9-spoke  section  of  36- 

spoke  cylindrical  ring. 

L6-2  MR  Sonar  System  (Rotoscope) 

In  the  summer  of  1942,  an  echo-ranging  system 
using  a  rotating  directional  hydrophone  to  receive 
echoes  was  proposed.  The  rotoscope,  as  far  as  is 
known,  was  the  first  system  to  embody  this  principle. 
It  consisted  of  an  omnidirectional  transmitting  pro¬ 
jector,  a  directional  receiving  hydrophone  rotating 
at  4  rps,  and  a  receiving  amplifier  for  brightening  a 
spot  on  a  cathode-ray  tube.  The  dark  cathode-ray 
spot,  starting  at  the  center  at  the  instant  the  ping  was 
emitted,  traveled  in  a  spiral  so  that  its  direction  from 
the  center  of  the  scope  face  indicated  target  bearing, 
while  jts  distance  from  the  center  indicated  target 
range.  Tests  with  a  hydrophone  rotating  in  water  at 
4  rps  showed  that  noise  generated  by  water  turbu¬ 
lence  was  insignificant. 

To  test  the  principle  of  a  rotating  hydrophone  in 
a  scanning  echo-ranging  system,  the  rotoscope  was 
set  up  on  the  barge  Tippecanoe  during  the  summer 
of  1942.  Echoes,  reverberation,  and  noise  were  picked 
up  in  Boston  Harbor  and  in  the  Charles  River  Basin, 
proving  that  this  type  of  scanning  system  had  possi¬ 
bilities  for  echo  ranging. 

Since  the  Tippecanoe  model  was  somewhat  crude 
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mechanically,  an  improved  model  was  built  for  in¬ 
stallation  on  the  1 10-foot  Diesel  yacht  Aide  de  Camp. 
It  had  the  same  basic  components  as  the  first  model 
except  that  the  container,  which  rotated  with  the 
receiving  hydrophone,  was  inside  a  stationary  dome. 
Since  the  more  accurate  scanning  echo-ranging  sys¬ 
tems  were  already  being  developed,  this  system  was 
built  primarily  for  experimental  testing  of  ideas  to 
be  incorporated  in  other  systems.  Among  the  devices 
tested  were  simultaneous  lobe  comparison  [SLC] 
brightening  to  reduce  the  number  of  spots  appearing 
on  the  screen  as  a  result  of  reverberation;  receivers 
using  automatic  volume  control  [AVC]  and  time- 
varied  gain  [TVG]  to  reduce  the  effects  of  reverbera¬ 
tion;  amplitude  modulation  of  the  ping  to  determine 
the  effect  of  greater  peak  power  and  modulation  on 
reverberation  and  extended  targets;  and  a  system  of 
measuring  the  length  and  phase  of  the  ping  with 
respect  to  the  rotating  microphone  to  get  greater 
range  accuracy.  Many  measurements  of  reverbera¬ 
tion  as  a  function  of  range  and  bearing  were  useful 
in  the  design  of  later  systems.  Because  of  the  neces¬ 
sary  long  ping  length,  the  rotoscope  was  greatly 
affected  by  reverberation  and  had  a  range  accuracy 
of  only  ±100  yards.  Consequently,  it  was  shelved  as 
an  echo-ranging  device.  It  did  prove  useful  for  listen¬ 
ing,  however,  so  that  the  idea  of  employing  a  rotating 
microphone  as  a  listening  device  to  indicate  the  bear¬ 
ing  of  a  noise  source  has  been  utilized  for  discovering 
torpedoes  by  their  own  noise  in  England  and  this 
country,  especially  in  a  modification  of  the  WCA-2 
echo-ranging  equipment.3  The  last  model  of  the 
rotoscope  remained  on  Tippecanoe  during  the 
summer  and  fall  of  1942,  and  the  improved  system, 
on  the  Aide  de  Camp  from  December  1942  to  June 
1943. 

E6.3  Early  Electrically  Rotated  Systems 

A  method  for  rotating  a  beam  of  sensitivity  by 
properly  phasing  several  elements  of  a  transducer 
composed  of  many  independent  elements  around  a 
circumference  is  described  in  Progress  Report  on 
Sonic  Locator  Developments.2  Computations,  mak¬ 
ing  use  of  a  time  delay  network  or  lag  line  for  com¬ 
pensating  the  elements,  showed  the  feasibility  of 
producing  a  rotating  pattern  by  this  method.  Two 
methods  for  rotating  the  beam  of  sensitivity  con¬ 
tinuously  were  considered.  One  involved  tying  the 
elements  to  a  series  of  transformer  primaries,  one  for 
each  element,  and  then  rotating  the  transformer  sec¬ 


ondaries  and  the  beam-forming  lag  line  inside  the 
ring  of  primaries,  the  signal  being  taken  off  either 
on  slip  rings  or  through  another  rotating  transform¬ 
er.  The  second  method  was  to  connect  the  elements 
through  transformers  to  capacitor  segments  on  a 
stator  plate,  while  the  lag  line,  mounted  on  a  rotor 
plate  with  similar  segments,  could  be  rotated  over  the 
fixed  plate. 

Experiments  for  smooth  commutation  were  con¬ 
ducted  and  several  transformers  built  into  a  linear 
array  so  that  the  secondaries  could  move  past  the 
primaries.  It  was  found  that  a  signal  could  be  trans¬ 
ferred  by  this  method  and  that  smooth,  rather  than 
step-by-step,  commutation  could  be  attained.  A  me¬ 
chanical  design  was  made  and  construction  begun 
but  abandoned  when  it  was  found  that  the  capac¬ 
itive  commutator  offered  considerable  promise  and 
much  less  mechanical  work. 

The  first  experimental  capacitive  commutator  con¬ 
sisted  of  two  pieces  of  stiff  cardboard  with  tinfoil 
segments  glued  on  their  surfaces.  Experiments 
showed  that  when  a  signal  was  fed  to  the  stationary 
segments  and  the  corresponding  segments  on  the 
other  sheet  rotated  past  the  first  group,  a  smooth 
commutation  with  a  usable  signal  pickup  resulted. 

Following  this  basic  experimentation,  several  labo¬ 
ratory  models  of  the  capacitive  commutator  were 
built  and  tested.  From  these  early  trials,  considerable 
experience  and  information  regarding  the  electric 
and  mechanical  design  of  the  capacitive  commutator 
were  gained.  A  description  of  these  early  models  and 
a  historical  account  of  the  developmental  work  are 
given  in  Chapter  5.  One  of  these  units  was  used  in 
conjunction  with  the  first  36-element  magnetostric¬ 
tion  transducer,  known  as  the  “Medusa,”  to  demon¬ 
strate  the  practicability  of  the  scanning  sonar 
principle. 

Several  pieces  of  electronic  equipment  were  de¬ 
signed  and  built  for  testing  the  capacitive  commuta¬ 
tor.  The  first  was  a  reverberation  generator  consisting 
of  an  oscillator  whose  amplitude  and  frequency  were 
modulated  by  noise.  The  reverberation  generator 
was  connected  through  suitable  isolation  resistors  to 
all  the  stator  plates  on  the  capacitive  commutator.  An 
“artificial  water,”  consisting  of  a  lag  line  equipped 
with  taps,  which  could  be  connected  to  the  stator 
plates  of  the  capacitive  commutator,  was  devised. 
This  lag  line  gave  phase  lags  to  the  output  of  a  signal- 
frequency  oscillator,  so  that  signals  produced  at  the 
commutator  stator  plates  were  similar  to  those  gen- 
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Figure  7.  Early  Aide  de  Camp  system  (August  1943). 


erated  in  the  various  elements  of  a  multielement 
transducer  receiving  sound  in  the  water  from  a  dis¬ 
tant  point  source.  An  “echo  injector,”  which  could 
introduce  into  the  artificial  water  a  short  oscillator 
signal  simulating  an  echo,  was  built  for  commutator 
and  lag  line  compensator  testing.  The  echo  time  was 
controlled  by  relay  circuits  associated  with  the  rever¬ 
beration  generator,  so  that  the  echo  could  be  intro¬ 
duced  at  any  desired  range  and  at  a  bearing  deter¬ 
mined  by  the  connection  of  the  artificial  water  to 
the  commutator  plates. 

In  order  to  facilitate  the  experimental  study  of 
beam-forming  lag  lines  and  their  component  toler¬ 
ances,  a  laboratory  commutator  was  built.  It  con¬ 
sisted  of  a  36-element  flat-plate  stator  and  rotor,  sur¬ 
rounded  by  a  safety  shield,  with  relatively  easy  access 
to  all  components.  It  could  be  either  motor-driven,  at 
speeds  up  to  30  rps,  or  rotated  by  hand. 

i.6.4  First  Workable  Scanning  Sonar 
System 

The  first  workable  scanning  sonar  system  using  a 
capacitive  commutator  was  installed  during  June 
1943  aboard  the  Aide  de  Camp.  The  first  transducer 
used  with  this  system  was  Hebbphone  I,  made  up  of 
36  magnetostrictive  elements  arranged  in  a  circle 
These  elements  were  wedge-shaped  stacks  of  nickel 
laminations  12  inches  high  and  were  mechanically 
and  electrically  independent.  For  transmission  all 


elements  were  electrically  connected  in  phase,  so  that 
a  nondirectional  pattern  was  produced  in  the  hori¬ 
zontal  plane  and  a  relatively  sharp  pattern  in  the 
vertical  plane.  During  reception  the  system  used  a 
limited  group  of  elements  connected  by  a  beam-form¬ 
ing  phasing  and  shading  network,  while  the  remain¬ 
ing  elements  were  connected  to  dummy  loads. 

At  first  polarizing  current  was  supplied  to  Hebb¬ 
phone  I  by  a  motor  generator  and  later,  to  eliminate 
generator  noise,  by  batteries.  Suitable  filter  circuits 
were  used  to  isolate  the  d-c  and  a-c  signal  channels. 

A  36Tpole  double-throw  relay  was  used  so  that  the 
transducer  could  both  transmit  and  receive.  For  re¬ 
ception  each  element  was  connected  to  an  input 
transformer  on  the  capacitive  commutator,  while 
for  transmission  all  the  elements  were  tied  in  a 
series-parallel  combination  and  connected  to  the 
transmitter  through  an  impedance-matching  net¬ 
work.  When  the  relay  was  in  the  transmitting  posi¬ 
tion,  one  contact  was  used  to  start  the  transmitter, 
return  the  spiral  sweep  to  the  center  of  the  PPI,  blank 
the  return  trace,  and  start  the  TVG  in  the  receiver. 

A  conventional  class  B  1.5-kw  transmitter  was  used 
to  drive  the  Hebbphone  I.  The  signal,  which  had  a 
frequency  of  approximately  22  kc,  could  be  either 
amplitude-  or  frequency-modulated. 

To  rotate  the  beam  of  receiving  sensitivity,  a  30- 
rps  36-element  commutator  was  used.  In  the  rotor  of 
this  commutator  there  was  a  phasing  and  shading  net¬ 
work  connected  to  12  of  the  rotating  plates.  Capaci- 
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tive  slip  rings  were  used  to  conduct  a  signal  from  the 
rotating  phasing  and  shading  network  to  the  pre¬ 
amplifiers.  With  this  commutator  either  amplitude 
or  SLC  brightening  could  be  applied.  A  3-phase 
30-c  sawtooth  modulated  voltage  from  a  synchro 
attached  to  the  rotor  of  the  commutator  was  used  to 
produce  a  spiral  sweep  on  the  PPI.  Among  the  most 
important  later  modifications  and  additions  were 
pulse  transmitter  circuits,  true  bearing  presentation, 
and  SLC  brightening.  The  pulse  transmitter  circuits 
incorporated  power  supplies  in  which  energy  could 
be  stored  between  pings  and  delivered  to  the  trans¬ 
ducer  for  only  the  duration  of  a  ping.  A  signal  fed  to 
a  synchro  from  the  ship’s  gyrocompass  was  used  to 
give  true  bearing  presentation  on  the  PPI— that  is, 
bearing  with  respect  to  true  north  rather  than  to 
ship’s  course.  With  SLC  brightening  it  was  hoped  to 
obtain  greater  bearing  accuracy  and  to  discriminate 
against  reverberation. 

This  commutated  rotation  [CR]  system  was  in¬ 
stalled  aboard  the  Aide  de  Camp  and  field-tested 
at  New  London  during  November  1943.  On  Novem¬ 
ber  8  the  equipment  was  demonstrated  to  representa¬ 
tives  of  OSRD,  BuShips,  COMINCH,  and  the  New 
London  and  San  Diego  laboratories.  Approximately 
one  week  later  a  similar  demonstration  was  held  for 
several  engineering  concerns  interested  in  manu¬ 
facturing  underwater  detection  equipment.  Among 
these  was  the  Sangamo  Electric  Company  of  Spring- 
field,  Illinois.  Results  of  these  field  tests  were  most 
encouraging  since  they  indicated  that  the  sonar  sys¬ 
tem  under  development  at  HUSL  performed  favor¬ 
ably  as  compared  with  other  echo-ranging  systems. 

A  block  diagram  of  the  early  Aide  de  Camp  system 
is  shown  in  Figure  7. 

i.6-5  Development  of  CR  Scanning  Sonar 

Sangamo  Participation.  Following  the  demonstra¬ 
tions  mentioned  above,  NDRC  and  HUSL  discussed 
with  the  Sangamo  Electric  Company  the  possibilities 
of  engineering  and  manufacturing  several  pilot  mod¬ 
els  of  an  echo-ranging  system  which  would  combine 
both  scanning  and  searchlight  features.  BuShips 
later  designated  this  system  QH  sonar.  Early  in  Feb¬ 
ruary  1944  a  prime  contract  (OEMsr-1288)  between 
OSRD  and  the  Sangamo  Electric  Company  under 
which  the  company  would  make  three  QH  scanning 
sonar  systems  for  OSRD  was  drawn  up. 

The  Sangamo  system  provided  the  searchlight  and 


scanning  features  by  utilizing  two  commutators— 
one,  a  high-speed  motor-driven  commutator  for 
rapidly  scanning  the  sound  horizon  for  echo-produc¬ 
ing  or  noisemaking  targets,  and  the  other  a  hand- 
trained  listening  commutator  for  receiving  along 
any  chosen  line  of  bearing.  This  made  an  audio  re¬ 
sponse  similar  to  that  of  other  conventional  echo¬ 
ranging  equipment  available  for  identifying  targets 
and  noise.  Bearing  deviation  indication  was  omitted, 
but  the  rotor  of  the  listening  commutator  contained 
a  double  lag  line  connected  to  the  transducer  so  that 
right  and  left  channel  outputs  could  be  obtained  if 
BDI  application  were  desired  later. 

Although,  under  the  original  negotiations,  Sanga¬ 
mo  was  to  commence  active  engineering  work  on 
March  1,  1944,  work  on  the  transducer  and  the  capac¬ 
itive  commutator  was  delayed.  At  that  time  magneto¬ 
striction  transducer  design  utilized  d-c  polarization 
of  the  active  elements,  permanent  magnet  polariza¬ 
tion  being  still  in  the  experimental  stage.  In  view 
of  the  extensive  simplification  possible  with  perma¬ 
nent-magnet  polarization,  the  Sangamo  Electric  Com¬ 
pany  delayed  design  work  on  the  transducer  until  its 
practicability  was  determined  at  HUSL  in  April 
1944.  Subsequently  Sangamo  incorporated  this  prin¬ 
ciple  in  its  transducer  design. 

Early  in  1944,  HUSL  engaged  in  study  and  experi¬ 
mentation  on  various  commutator  designs  and  plate 
materials.  As  a  result,  a  cylindrical  glass  plate  ar¬ 
rangement  was  adopted  for  future  experimental 
commutators.  Certain  alignment  problems  in  the  de¬ 
sign  appeared  difficult  in  production,  however,  and 
after  consultation  with  the  mechanical  design  staff 
of  HUSL,  the  Sangamo  Electric  Company  offered  an 
alternative  construction,  making  use  of  a  flat  commu¬ 
tator  plate  with  the  beam-forming  lag  line  mounted 
within  the  rotor,  which  was  approved.  Details  of  this 
construction  are  presented  in  Chapter  6. 

Consultation  between  the  engineers  of  the  Sanga¬ 
mo  Company  and  the  HUSL  research  group  contin¬ 
ued  throughout  1944  on  design  problems  connected 
with  the  various  components  of  this  system.  Some 
solutions  were  obtained  from  experimental  equip¬ 
ment  installed  during  this  period  on  the  USS  Sar¬ 
donyx  and  the  USS  Cythera. 

USS  Sardonyx  Installation,  Model  1 

A  formal  demonstration  of  the  QH  type  of  sonar 
was  given  before  Navy  officials  in  February  1944. 
Tests  were  conducted  on  Experimental  Model  No. 
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1,  made  by  HUSL  and  installed  on  the  USS  Sar¬ 
donyx.  Although  the  chief  components  of  this  system 
are  described  in  greater  detail  later  .a  this  report, 
the  salient  features  are  outlined  here. 

A  36-element  magnetostriction  transducer  (Model 
HP-1)  was  mounted  on  a  standard  QC  hoist-train 
column  and  fixed  in  bearing  with  respect  to  the  ship. 
The  36  channels  were  brought  up  to  a  choke  box 
which  served  to  carry  d-c  polarizing  current  to  the 
transducer  elements.  From  the  choke  box  the  36 
channels  were  carried  to  both  the  hand-trained  listen¬ 
ing  commutator  and  the  motor-driven  scanning  com¬ 
mutator.  Connection  was  also  made  to  the  22-kc 
transmitter.  Relays  in  the  choke  box  disconnected 
the  commutators  and  receiver  channels  from  the 
transducer  during  the  transmitting  or  pinging  peri¬ 
od,  and  disconnected  the  transmitter  during  the  re¬ 
ceiving  period  between  pings. 

The  pinging  rate  was  controlled  from  a  sweep  gen¬ 
erator  which  performed  several  functions:  (1)  supply¬ 
ing  the  field  of  a  3-phase  generator  mounted  on  the 
scanning  commutator  with  a  sawtooth  current,  start¬ 
ing  from  zero  after  each  ping  and  increasing  uni¬ 
formly  until  its  sharp  drop  to  zero  at  the  end  of  the 
next  ping;  (2)  feeding  a  blanking  pulse  to  the  PPI 
tube  during  the  flyback;  (3)  initiating  transmitter 
keying  at  the  same  time  and  maintaining  it  for  the 
desired  ping  length  of  about  0.035  second.  The  out¬ 
put  of  this  3-phase  generator  was  applied  to  a  3-phase 
deflection  coil  arrangement  around  the  neck  of  the 
PPI  scope,  thus  producing  a  spiral  sweep  of  the  elec¬ 
tron  beam.  This  spiral  sweep  started  at  the  center  of 
the  screen  immediately  after  each  ping,  and  spiraled 
outward  with  a  uniformly  increasing  radius  at  a  rate 
depending  on  the  range  setting  or  frequency  of  the 
sweep  generator. 

In  each  of  the  two  commutators  the  36  incoming 
channels  were  applied  through  step-up  transformers 
to  the  36  stator  plates.  For  the  scanning  commutator, 
the  output  of  the  beam-forming  lag  line  was  fed  to 
a  brightening  receiver  and  thence  to  the  control  grid 
of  the  PPI  scope,  the  bias  of  which  was  adjusted  so 
that  the  screen  spot  during  the  spiral  sweep  was  just 
below  the  threshold  of  visibility  when  no  echo  was 
present.  Consequently,  the  presence  of  a  reflecting 
target  was  indicated  by  the  brightened  spot  on  the 
screen  which,  by  its  spiral  sweep,  represented  both 
the  range  and  bearing  of  the  target  with  respect  to  the 
ship.  For  the  listening  commutator,  the  output  of  the 
lag  line  was  applied  to  a  listening  receiver.  Thus  by 


rotation  of  the  hand-trained  commutator,  reception 
sensitivity  was  trained  in  the  direction  of  the  target 
and  the  entire  echo  received  and  made  audible  by  a 
loudspeaker.  The  position  of  the  listening  commu¬ 
tator  was  controlled  through  a  servo  system  by  a 
handwheel  on  the  PPI  console. 

The  transmitter  was  of  the  master-oscillator  power- 
amplifier  type,  capable  of  supplying  about  2.5  kw 
during  the  transmitting  period  while  pinging  at  5- 
second  intervals,  with  an  average  drain  on  the  a-c 
power  line  of  only  500  watts.  This  desirable  feature 
was  achieved  by  utilizing  large  storage  capacitors  in 
the  rectifier  unit  which  supplied  plate  power  to  the 
final  amplifier.  It  represented  a  radical  change  in 
driver  design  from  previous  models  and  allowed  far 
greater  acoustic  power  to  be  put  into  the  water.  A 
detailed  description  of  this  transmitter  is  presented 
in  Chapter  5. 

The  commutators  used  in  the  Sardonyx  installa¬ 
tion  were  of  the  radial  type  (Model  Ml-B)  and  are 
described  in  Chapter  5.  The  beam-forming  lag  line 
was  placed  inside  the  rotor  and  had  two  output  leads 
connected  through  slip  rings  and  brushes  to  a  pre¬ 
amplifier  mounted  on  the  commutator  unit. 

The  PPI,  a  magnetic-deflection  type  cathode-ray 
tube  with  a  7-inch  long-persistence  screen,  was 
mounted  on  the  sloping  panel  of  a  console  approxi¬ 
mately  45  inches  high.  On  the  console  panel  were 
located  the  overall  gain  and  listening  gain  controls, 
and  an  off-on  and  range  selector  switch  which  could 
be  set  for  noise-listening  or  for  various  ranges  during 
echo  ranging. 

USS  Cythera  Installation  Model  1 

After  several  weeks  of  trials,  Model  1  was  trans¬ 
ferred  to  the  USS  Cythera  for  more  extensive  tests. 
Much  data  pertinent  to  the  general  operation  of  a 
QH  system,  and  Model  1  in  particular  were  obtained 
during  the  spring  and  summer  of  1944.  With  the 
Model  1  system,  reasonably  consistent  echoes  were 
received  from  submarine  targets  at  ranges  up  to  ap¬ 
proximately  2,000  yards.  Tests  seemed  to  indicate 
that  bearings  were  accurate  to  within  2  degrees.  The 
listening  channel  was  found  to  serve  the  valuable 
purpose  of  identifying  multiple  targets  on  the  PPI 
by  means  of  the  doppler  associated  with  each  target. 

USS  Cythera  Installation  Model  2 

The  second  QH  sonar  system  made  by  HUSL,  and 
designated  Model  2,  Serial  1,  was  installed  on  the 
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USS  Cythera  early  in  September  1944.  Originally,  it 
was  to  embody  the  specifications  given  to  the  San- 
garno  Company  for  its  XQHA  system,  then  under  de¬ 
sign.  The  transducer  was  to  be  a  48-element  26-kc 
magnetostriction  type  (HP-3),  utilizing  permanent- 
magnet  polarization.  Cylindrical  glass  plate  com¬ 
mutators  with  48  elements,  Model  5,  were  to  be 
employed,  but  because  of  the  difficulties  in  the  design 
and  construction,  plans  were  altered  to  permit  the 
installation  of  a  36-element  22-kc  transducer  (HP-2B), 
and  the  36-element  radial  disk  commutators  of  the 
Model  1  QH  system.  Later,  when  this  system  was 
transferred  to  the  USS  Babbitt,  the  listening  com¬ 
mutator  lag  line  design  was  changed  to  give  2-channel 
output  so  that  the  bearing  deviation  indicator  could 
be  used  experimentally. 

In  principle,  operation  of  the  Model  2  system  was 
the  same  as  for  Model  1  but  improved  console  design, 
provision  for  maintenance  of  true  bearing  [MTB], 
unicontrol  of  frequency,  range  recorder  operation, 
and  hand  keying  gave  greater  flexibility  and  control. 

The  PPI,  cursor,  and  bearing  scales  occupied  the 
central  position  on  the  console  panel.  The  con¬ 
trols  consisted  of  (1)  a  master  gain  control;  (2)  an 
off-on  range  switch  which  allowed  operation  as 
either  a  noise  listening  system  or  on  any  one  of  sev¬ 
eral  ranges  during  echo  ranging;  (3)  a  keying  selec¬ 
tor  switch  which  permitted  either  a  chemical  range 
recorder  or  the  sweep  generator  to  govern  the  ping¬ 
ing  rate;  (4)  a  training  handwheel  on  the  side  of  the 
console  to  control  the  bearing  cursor  and  also  to 
position  the  listening  commutator  so  that  the  listen¬ 
ing  beam  would  be  trained  automatically  on  the 
indicated  bearing. 

Attached  to  the  cursor  was  a  bug  riding  between 
an  outer  fixed  scale  which  gave  relative  bearing  and 
an  inner  scale  which,  driven  by  the  ship’s  gyrocom¬ 
pass,  gave  true  bearing.  The  gyro  drive  fed  into  the 
cursor  through  a  mechanical  differential  to  maintain 
true  bearing. 

The  transmitter  used  in  Model  2  was  capable  of 
supplying  somewhat  greater  power  output  than  that 
of  Model  1.  The  unicontrol  of  frequency  was  accom¬ 
plished  in  the  following  manner:  A  60-kc  fixed-fre¬ 
quency  oscillator  was  located  in  the  transmitter  unit 
and  a  master  tunable  oscillator  in  the  duplex  receiver 
chassis  supplied  82  kc  to  the  transmitter  and  to  the 
mixer  stages  of  the  two  receiver  channels.  Thus  a 
fixed  intermediate  frequency  of  60  kc  was  assured  in 
the  receiver.  In  the  transmitter,  the  difference  beat 


frequency  between  82  kc  and  the  60-kc  local  oscillator 
was  fed  to  the  power  amplifier. 

The  keying  rate,  depending  upon  the  position  of 
the  switch,  corresponded  to  ranges  of  7,500,  3,750, 
and  1,500  yards  and  was  controlled  by  contacts  on  a 
timing  switch  driven  by  a  synchronous  motor.  For 
recorder  operation  the  controls  of  the  PPI  sweep  were 
arranged  so  that  when  the  flyback  of  the  recorder 
was  adjusted  to  a  decreased  range,  the  sweep  rate  re¬ 
mained  normal.  A  detailed  description  of  these  cir¬ 
cuits  is  given  in  Chapter  5. 

In  December  1944  the  Model  2  system  was  trans¬ 
ferred  from  the  USS  Cythera  to  the  USS  Babbitt 
and  a  depth-scanning  sonar  system  installed  on  the 
Cythera.  In  the  Babbitt  installation,  a  100-inch 
streamlined  dome  was  placed  around  the  transducer 
and  the  lag  line  design  in  the  listening  commutator 
changed  to  permit  the  incorporation  of  BDI.  The 
Babbitt  installation  also  included  a  deep  monitor 
so  that  pattern  studies  of  the  transducer-in-dome  ar¬ 
rangement  could  be  made.  Tests  of  operation  at  high 
ship  speeds  carried  on  during  the  spring  of  1945 
showed  that  water  noise  increased  with  speed,  and 
that  maximum  detection  range  decreased  accord¬ 
ingly. 

Integrated  Type  B  Sonar  System 

Early  in  1944  the  Bureau  of  Ships  requested 
NDRC  to  develop  a  vertical  scanning  system  which 
would  operate  in  conjunction  with  the  QH  horizon¬ 
tal  scanning  equipment.  This  project  was  assigned 
to  HUSL  and  the  combination  designated  as  the 
integrated  Type  B  sonar  system.  Although  the  sys¬ 
tem,  its  development,  and  its  operation  are  described 
in  detail  in  Chapter  6  of  this  report,  the  principal 
features  are  discussed  briefly  here.  Two  projectors 
are  mounted  on  a  single  training  shaft  and  enclosed 
in  a  dome.  One,  a  standard  QH  type,  is  for  horizontal 
scanning;  the  other,  a  similar  unit,  is  for  vertical 
scanning  and  is  mounted  on  its  side  beneath  the 
first.  They  are  excited  separately  but  synchronously 
by  pulses  from  two  transmitters  operating  at  26  kc 
and  38  kc. 

To  obtain  accurate  data  and  to  keep  the  display 
on  the  screen  steady,  particularly  in  the  vertical 
scanning  system,  the  roll  and  pitch  of  the  ship  must 
be  neutralized.  This  is  accomplished  by  means  of  a 
gyroscopic  stable  element  and  a  trunnion-tilt  correc¬ 
tor  of  the  kind  used  in  fire-control  systems  but  with 
modifications  for  this  application.  Two-axis  stabiliza- 
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tion  is  used  in  the  Type  B  system.  Bearing-angle 
corrections,  necessitated  by  the  ship’s  roll  and  pitch, 
are  introduced  mechanically  in  the  training  system, 
while  corrections  of  depth-depression  angle  are  in¬ 
troduced  mechanically  by  rotation  of  the  depth¬ 
listening  commutators  and  electrically  by  phase  shift¬ 
ing  in  the  indicator  deflection  circuits. 

The  horizontal  and  vertical  scanning  systems  can 
be  operated  either  separately  or  together.  Present 
plans  are  for  the  horizontal  system  to  be  used  alone 
during  the  target-search  phase  of  the  ship’s  ma¬ 
neuvers.  When  a  target  is  detected  and  the  range 
sufficiently  reduced,  the  vertical  system  is  put  into 
operation  and  the  attack  initiated.  The  horizontal 
or  azimuth  system  continues  to  operate  as  a  search 
device  throughout  the  attack  in  order  to  detect  other 
possible  targets. 

The  display  equipment  is  on  two  consoles.  The 
azimuth  console  contains  the  PPI  scope  for  the  azi¬ 
muth  scanning  system  and  the  BDI  scope.  On  the 
panel  are  the  gain  controls  for  the  two  scopes,  a  pro¬ 
jector  relative  bearing  dial,  a  true  bearing  dial,  a 
range  switch,  and  the  training  control  handwheel. 
On  the  depth  console  are  the  elevation  position  in¬ 
dicator  [EPI]  scope,  its  gain  control  and  a  range 
switch.  The  BDI  and  the  listening  channel  can  be 
used  with  either  the  azimuth  or  the  depth-scanning 
system  to  indicate  horizontal  deviation. 

To  permit  use  of  the  BDI  with  the  azimuth-scan¬ 
ning  system,  a  stationary  double  lag  line  is  fed  from 
the  right  and  left  sides  of  the  azimuth  transducer. 
The  two  channels  are  combined  into  sum-and-dif- 
ference  outputs  from  which  a  listening  channel  and 
a  bearing  deviation  indication  are  obtained.  The 
rotatable  training  shaft,  which  is  necessary  if  the  two 
transducers  are  to  be  fastened  together,  thus  serves 
the  same  purpose  as  the  listening  commutator  in  the 
QH  system.  The  high-speed  azimuth-scanning  com¬ 
mutator  is  fed  from  the  azimuth  transducer  in  paral¬ 
lel  with  the  stationary  lag  line  and  provides,  through 
its  scanning  receiver,  the  echo  pulses  for  the  horizon¬ 
tal  PPI.  In  order  to  use  the  BDI  in  the  horizontal 
plane,  when  listening  on  the  depth-scanning  system, 
the  depth-scanning  transducer  is  split  perpendicu¬ 
larly  to  its  axis  into  right  and  left  halves  to  give  right 
and  left  output  channels.  These  are  combined  into 
sum-and-difference  channels;  the  sum  channels  are 
fed  into  the  scanning  commutator  and  into  one  of 
the  listening  commutators,  and  the  difference  chan¬ 
nels  are  fed  into  the  second  listening  commutator. 


The  echo  signal  from  the  scanning  commutator  is 
fed  to  a  brightening  receiver  and  thence  to  the  con¬ 
trol  grid  of  the  EPI  scope.  The  outputs  of  the  listen¬ 
ing  commutators  are  fed  to  the  BDI  listening 
receiver.  Other  features  of  the  Type  B  system,  such 
as  unicontrol  of  frequency,  ODN,  and  mechanical  re¬ 
corder  control  of  keying,  are  described  in  Chapter  6. 

Trial  Depth-Scanning  System 

Scanning  in  the  vertical  plane  had  not  been  tried 
prior  to  the  time  at  which  plans  for  the  integrated 
Type  B  system  were  formulated.  It  was  highly  de¬ 
sirable,  therefore,  that  the  practicability  of  this  scan¬ 
ning  method  be  tested  at  the  earliest  possible  date. 
Information  was  needed  concerning  operation  of 
horizontal  BDI  with  vertical  scan,  effect  of  bottom 
echoes,  surface  reverberation,  stabilization,  and  ef¬ 
fect  of  the  dome  on  receiving  patterns.  Consequently, 
early  in  July  1944,  plans  were  made  for  a  trial  depth¬ 
scanning  system.  Procedures  using  available  com¬ 
ponents  were  adopted  and  the  system,  developed 
through  the  summer  and  fall  of  1944,  was  installed  on 
the  USS  Cythera  in  December.  After  preliminary 
tests  at  New  London,  the  ship  was  sent  to  Fort  Lau¬ 
derdale,  Florida,  where  extensive  tests  were  carried 
on  during  the  winter  and  spring  of  1945. 

To  save  construction  time,  transducer  laminations 
already  on  hand  were  used  by  scaling  up  the  design 
of  the  integrated  Type  B  38-kc  depth-scanning  trans¬ 
ducer  to  give  the  same  beam  patterns  at  26  kc.  The 
rest  of  the  system  was  then  designed  for  this  fre¬ 
quency  and  the  resulting  transducer,  while  com¬ 
paratively  large,  could  be  mounted  on  the  standard 
QC  training  shaft.  However,  a  special  dome  for  pro¬ 
tection  from  water  forces  was  required. 

The  26-kc  depth-scanning  transducer  had  48  staves 
spaced  around  270  degrees  of  its  periphery,  each  stave 
being  divided  into  a  right  and  left  section.  As  the 
transducer  was  mounted  with  its  axis  in  the  horizon¬ 
tal  plane,  a  means  of  securing  horizontal  BDI  was 
thereby  realized.  The  echo-signal  outputs  from  the 
right  and  left  sections  were  combined  to  give  sum- 
and-difference  outputs.  One  sum  channel  was  fed 
through  the  high-speed  scanning  commutator  to  the 
brightening  receiver  and  EPI.  A  second  sum  channel 
and  the  difference  channel  were  fed  through  two 
separate  listening  commutators  to  the  BDI  listening 
receiver. 

In  order  to  maintain  contact  with  a  target,  as  well 
as  to  determine  accurately  the  depth  depression  angle 
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and  bearing,  stabilization  of  the  system  against  roll 
and  pitch  of  the  ship  was  provided  by  two-axis  stabili¬ 
zation,  as  planned  for  the  depth-scanning  portion 
of  the  integrated  Type  B  sonar  system,  a  Westing- 
house  Mark  VIII  Model  2  stable  element  and  a  Ford 
trunnion-tilt  corrector  being  employed. 

The  transducer  was  energized  by  a  storage-type 
transmitter  delivering  power  in  35-millisecond  pulses 
at  a  rate  dependent  upon  the  setting  of  the  keying 
interval  selector.  The  transducer  was  trained  in  azi¬ 
muth  by  means  of  a  training  wheel  on  the  BDI 
cabinet,  while  true  and  relative  projector  bearings 
were  given  by  a  bearing  repeater  unit.  The  direction 
of  the  listening  channel  in  the  vertical  plane  was 
determined  by  a  control  wheel  on  the  EPI  unit.  This 
also  rotated  a  mechanical  cursor  over  the  scope  face, 
which  with  an  angular  scale  made  it  possible  to  ob¬ 
tain  directly  the  target  depression  angle.  A  chemical 
range  recorder  connected  to  the  listening  channel 
gave  the  slant  range.  A  detailed  description  of  this 
system  and  its  performance  is  given  in  Chapter  6; 
however,  it  may  be  said  here  that  its  operation  was 
satisfactory,  that  the  possibility  of  operating  a  depth¬ 
scanning  sonar  was  demonstrated,  and  that  this  in¬ 
stallation  allowed  investigation  of  various  problems 
for  establishing  design  features  of  the  depth-scanning 
portion  of  the  integrated  Type  B  sonar  system. 

L6-6  Development  of  ER  System 

The  electrotiic  rotation  [ER]  system  in  use  in  July 
1945  was  proposed  in  July  1943. 4 

Preliminary  tests  showed  the  fundamental  prin¬ 
ciples  of  the  new  system  to  be  sound,  and  work  was 
begun  on  the  preparation  of  a  test  rotor  for  an  evalua¬ 
tion  of  the  method.  It  was  completed  by  August  12, 
1943,  and  at  that  time  the  electronically  rotated  beam 
of  sensitivity  was  demonstrated.  An  artificial  trans¬ 
ducer  based  on  HP-1  (22-kc,  15-inch  diameter)  was 
used  as  the  signal  source.  In  this  system  the  scanning 
speed  was  60  rps,  36  triodes  were  employed  as  switch¬ 
ing  elements,  and  a  mechanically  rotated  3-phase 
generator  was  used  to  operate  the  rotor.  The  rotor 
output  was  viewed  on  a  linear  CRO  screen  whose 
sweep  rate  was  synchronized  with  the  switching  rate 
so  that  the  output  of  the  rotor  (the  directivity  pat¬ 
tern)  was  fixed  on  the  face  of  the  CRO  screen.  The 
resulting  pattern  was  a  beam  of  sensitivity  having  a 
major  lobe  25  degrees  wide  at  —  6  db  and  minor  lobes 
at  least  14  db  below  the  peak  of  the  major  lobe. 


Results  of  tests  on  the  first  breadboard  rotor 
proved  the  method  to  be  practical.  Tests  completed 
by  the  end  of  August  1943  showed  what  component 
values  would  give  the  most  satisfactory  operation  of 
the  electronic  rotor.  Following  this,  construction  was 
begun  on  an  ER  system  to  be  installed  on  the  Aide  de 
Camp.  This  gear  included,  instead  of  the  large  test 
rotor  chassis,  two  smaller  electronic  rotor  chassis  con¬ 
taining  approximately  the  same  equipment  as  that 
used  in  the  original  model.  Also  incorporated  in  the 
shipboard  rotor  was  a  self-contained  preamplifier 
system  which  was  used  to  amplify  the  output  of 
the  rotor  before  transmission  to  the  receiver  equip¬ 
ment. 

The  electronic  rotor  was  installed  as  a  substitute 
for  the  capacitive  commutator  in  the  sonar  system 
aboard  the  Aide  de  Camp.  Circuit  connections  were 
so  arranged  that  the  capacitive  commutator  could  be 
switched  out  of  the  system  and  the  electronic  rotor 
substituted  within  a  few  minutes,  thereby  allowing 
comparison  of  the  two  systems. 

The  early  trials  of  the  electronic  rotor  system  were 
successful  to  the  extent  that  echoes  were  received  and 
the  proper  representation  achieved  on  the  PPI.  The 
beam  patterns  in  the  electronic  rotor  system  were  2 
to  3  degrees  wider  in  the  major  lobes  than  the  cor¬ 
responding  patterns  in  the  capacitive  commutator; 
the  minor  lobes  were  an  average  of  15  db  down  from 
the  tip  of  the  major  lobes.  There  was,  however,  con¬ 
siderable  variation  in  pattern  uniformity  around  the 
entire  azimuth  circle,  and  the  electronic  rotor  pro¬ 
duced  considerable  electrical  noise,  caused  chiefly 
by  the  method  of  switching  and  the  electronic  layout 
used.  Comparative  tests  between  the  ER  and  the  CR 
systems  at  this  time  were  carried  on  at  New  London, 
where  both  systems  were  demonstrated  to  officials 
of  the  Navy  Department,  NDRC,  and  members  of 
the  HUSL  staff.  The  electronic  rotation  system 
seemed  able  to  pick  up  echoes  and  discover  targets 
from  the  same  ranges  as  the  CR  systems,  but  the  PPI 
indications  were  more  obscured  by  system  noise  than 
they  were  when  the  capacitive  commutator  was  em¬ 
ployed.  Motion  of  the  Aide  de  Camp  through  the 
water  produced  a  large  arc  of  brightening  in  the 
stern  direction  caused  by  wake  and  propeller  noises. 
Fogging  of  the  PPI  screen  caused  by  noise  peaks 
showing  up  at  random  for  all  bearing  angles  was  also 
present.  The  results5  achieved,  however,  demon¬ 
strated  that  the  electronic  rotation  system  was  sound 
in  principle  and  warranted  further  development  to 
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eliminate  the  troubles  found  in  this  shipboard  in¬ 
stallation. 

After  the  New  London  trials,  fundamental  inves¬ 
tigations  were  undertaken  to  determine  the  best 
possible  design  of  the  beam-forming  transmission  or 
lead  line.  Other  studies  to  improve  the  switching  ar¬ 
rangement  and  to  discover  and  develop  other  forms 
of  switching  were  started.  Lead  line  investigation 
revealed  that  for  a  particular  transducer  design  and 
number  of  elements  there  is  an  optimum  phase  ad¬ 
vance  or  lead  per  section  in  the  line  which  will  pro¬ 
duce  the  best  and  most  consistent  rotor  output 
patterns.  Details  of  this  investigation  are  discussed 
in  Chapter  7. 

The  switching  voltage  generator  finally  adopted 
was  a  uniform-velocity  lag  line,  or  low-pass  network,6 
which  made  possible  the  design  proposed  in  July 
1943  for  electronic  rotation,  with  a  transmission  line 
as  a  timing  source  for  the  switching  voltage  gener¬ 
ator.4  Because  of  the  physical  dimensions  and  avail¬ 
ability  of  components,  it  was  found  possible  to 
construct  a  switching  lag  line  having  a  comparatively 
high  fundamental  frequency.  That  is,  switching  lag 
lines  could  be  constructed  so  that  a  rotation  of  the 
receiving  beam  of  sensitivity  could  be  accomplished 
more  easily  at  200  or  500  rps  than  at  the  initial  rota¬ 
tion  speed  of  60  rps  employed  in  the  first  electronic 
rotor.  This  discovery  opened  a  new  field  of  applica¬ 
tion  for  the  electronic  rotation  system.  When  the 
scanning  speed  is  increased  to  200  rps,  it  becomes  pos¬ 
sible  to  use  a  transmitted  pulse  length  of  only  5 
milliseconds.  The  reduction  of  reverberation  in  a 
short  pulse  system  of  this  sort  permits  it  to  locate 
small  objects,  a  fact  that  had  been  previously  re¬ 
ported  by  the  British  and  others  working  in  the  field. 
Also  it  was  hoped  that  the  short-pulse  system  would 
give  greater  security  to  the  echo-ranging  vessel. 

Investigation  of  other  forms  of  vacuum-tube  elec¬ 
tronic  switching  at  this  time,  in  an  attempt  to  im¬ 
prove  upon  the  operation  of  the  original  rotor  which 
employed  triodes  as  switching  elements,  resulted  in 
the  development  of  an  electronic  switch  which,  in  its 
operation, was  less  sensitive  to  the  magnitude  of  the 
switching  signal.  This  form  of  electronic  switch  re¬ 
quired  no  opposing  d-c  bias  to  render  it  inoperative 
during  periods  of  nonconduction.7  Variations  by  as 
much  as  6  db  in  the  magnitude  of  the  switching  sig¬ 
nal  were  possible.  The  self-regulating  electronic 
switch,  discussed  and  developed  in  January  1944, 
was  set  aside  at  this  time  in  order  to  build  a  new 


triode  electronic  rotor  making  use  of  the  principles 
just  described  involving  transmission  lines  for  switch¬ 
ing  at  high  rotation  speeds. 

A  second  electronic  rotor  involving  18  double  tri¬ 
odes  was  constructed  for  installation  on  the  Aide  de 
Camp.  It  had  a  scanning  speed  of  200  rps,  was  housed 
in  an  X-3  BDI  cabinet,  and  included  a  36-element 
tube  and  circuit-testing  mechanism  whereby  some 
of  the  difficulties  involved  in  testing  the  earlier  elec¬ 
tronic  rotor  were  surmounted.  For  this  installation 
a  new  electronic  spiral  sweep,  discussed  in  Chapter 
7,  was  developed,  a  special  transmitter  able  to  supply 
the  transducer  (HP-1)  with  18-kw  average  power 
during  the  5-msec  transmitted  pulse  was  built,  and  a 
special  tuned  signal-frequency  receiver  developed. 

The  new  200-rps  rotation  speed  ER  sonar  equip¬ 
ment  had  many  of  the  characteristics  predicted  on 
the  basis  of  short-pulse  studies  both  at  HUSL  and 
elsewhere  and  was  capable  of  detecting  3-foot  spheres 
at  distances  as  great  as  450  yards.8  Certain  rules  con¬ 
cerning  the  maximum  discovery  ranges  for  3-foot 
targets  under  various  conditions  of  bottom  depth  and 
thermal  gradients  in  the  surrounding  water  were 
formulated  from  these  studies. 

Qualitatively,  one  of  the  outstanding  features  of 
the  200-rps  rotation  speed  system  was  the  great 
improvement  in  range  resolution  and  target  defini¬ 
tion  on  the  PPI  scope.  The  immediate  bottom  was 
depicted  more  accurately  than  in  the  slower  rotation 
systems  and  permitted  repeated  observation  of  small 
objects,  such  as  rocks  and  buoys,  not  previously  dis¬ 
coverable.  Also,  because  of  the  5-millisecond  ping 
length,  the  intensity  of  reverberation  was  consider¬ 
ably  reduced.  Range  resolution  permitted  a  500-yard 
scale,  as  contrasted  with  the  smallest  range  scale  of 
1,000  yards  in  the  low-speed  rotation  systems.  This 
200-rps  system  is  described  in  detail  in  Chapter  7. 

After  successful  installation  of  the  200-rps  ER 
system  on  the  Aide  de  Camp,  construction  of  a  system 
which  would  scan  at  still  higher  speeds  seemed  ad¬ 
visable.  At  about  this  time  a  36-element  53-kc  E-cut 
Rochelle  salt  transducer  built  by  the  Brush  Com¬ 
pany  for  Naval  Ordnance  Laboratory  was  sent  on 
loan  to  HUSL  for  possible  incorporation  into  a  high- 
frequency,  high  rotation  speed  system  to  be  con¬ 
structed  especially  for  use  with  it.  A  500-rps  rotation 
speed  system  with  a  signal  frequency  of  53  kc  was 
constructed.  A  new  electronic  rotor  similar  in  layout 
and  design  to  the  200-rps  unit  was  built.  A  new  trans¬ 
mitter  capable  of  providing  2  kw  of  average  power 
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during  a  2-millisecond  pulse,  a  new  receiver,  spiral 
sweep  chassis,  and  a  CRO  viewing  screen  were  con¬ 
structed.  This  53-kc  equipment  was  incorporated 
into  two  cabinets  housing  all  the  electronic  gear  as¬ 
sociated  with  the  system.  The  36-element  transducer 
supplied  the  receiving  signal  to  the  electronic  rotor, 
and  a  separate  magnetostriction  ring  stack  was  used 
as  the  transmitting  projector. 

The  operating  characteristics  of  the  system  were 
as  follows:  The  transducer  pattern  produced  by  the 
rotor  was  38  degrees  wide,  6  db  down,  with  minor 
lobes  averaging  15  db  below  the  tip  of  the  major  lobe. 
The  acoustic  power  radiated  by  the  53-kc  transmitt¬ 
ing  ring  stack  was  175  watts  as  measured  in  the 
Charles  River  Basin  when  the  system  was  installed 
for  test  aboard  the  HUSL  calibration  barge,  Tippe¬ 
canoe.  The  receiving  system  had  a  sensitivity  about 
15  db  lower  than  the  200-rotation  speed  system  of 
the  Aide  de  Camp.  Unfortunately,  the  combination  of 
lower  radiated  power,  poor  receiving  sensitivity,  and 
poor  beam  formation  of  the  rotor,  made  the  53-kc 
system  comparatively  inferior.  In  the  Charles  River 
Basin,  however,  a  3-foot  test  sphere,  when  towed  by 
a  rowboat,  produced  consistent  echoes  to  ranges  of 
300  yards  in  water  approximately  20  feet  deep. 

As  a  result  of  these  comparatively  successful  tests, 
the  equipment  was  shipped  for  analysis  to  the 
CUDWR-USRL  testing  station  at  Mountain  Lakes, 
New  Jersey,  where  its  performance  was  not  so  satis¬ 
factory  as  in  the  Charles  River.  A  possible  reason  for 
these  poor  results  was  the  shallow  water  averaging 
8  feet  in  depth,  which  greatly  increased  the  reverbera¬ 
tion  level.  After  the  tests  at  Mountain  Lakes,9  the 
equipment  was  dismantled  and  reinstalled  aboard 
the  Aide  de  Camp  at  New  London  for  sea  tests.10 

In  summation,  it  can  be  said  that  the  53-kc  system 
was  incapable  of  detecting  normal  targets  at  ranges 
possible  for  other  scanning  systems.  Because  of  the 
broad  beam  pattern,  the  detail  of  target  presentation 
was  poor,  and  the  system  seemed  more  susceptible  to 
electric  noise  than  any  of  the  other  scanning  systems 
tried  aboard  the  Aide  de  Camp.  Upon  the  return  of 
the  Aide  de  Camp  to  the  Boston  area  from  New  Lon¬ 
don,  the  53-kc  system  was  removed  and  has  not  been 
operated  since  then.  The  200-rps  outfit,  originally  in¬ 
stalled  aboard  the  Aide  de  Camp  was  placed  in  opera¬ 
tion  again,  and  a  series  of  tests  was  begun  for  detec¬ 
tion  of  small  objects. 

Because  of  the  successful  operation  of  the  22-kc 
200-rps  ER  system,  the  immediate  construction  of  a 


submarine  system  was  proposed  and  new  research 
directed  toward  replacing  the  triodes  in  the  Aide  de 
Camp  system  with  some  other  form  of  switch. 

At  about  this  time  the  use  of  copper  oxide  varistors, 
or  rectifiers,  as  variable  gain  or  loss  elements  in  the 
signal  frequency  circuits  was  investigated.11  It  was 
soon  discovered  that  the  backward-to-forward  im¬ 
pedance  ratio  for  varistors,  as  measured  under  d-c 
conditions,  could  not  be  attained  under  ordinary 
circumstances  with  signal  frequency  conditions.  This 
was  caused  by  their  comparatively  high  internal  ca¬ 
pacitance.  Accordingly,  a  simple  scheme  to  neutralize 
the  capacitance  of  the  electronic  switch  was  devised 
and  this  resulted  in  much  greater  dynamic  range 
between  minimum  and  maximum  loss.  The  insertion 
of  a  large  capacitor  in  series  with  each  varistor  and 
charged  by  the  varistor  when  it  conducted  on  the 
peak  of  each  switching  cycle  made  it  possible  to  cut 
off  the  electronic  switch  or  varistor  during  most  of 
the  cycle  as  far  as  signal  frequency  was  concerned. 
The  varistor  then  behaved  like  a  triode  electronic 
switch  and  required  little  adjustment  for  switching 
purposes.  At  this  time  the  building  of  transmission 
lines  for  switching  purposes  having  characteristic 
impedances  as  low  as  40  ohms  and  retaining  the  uni¬ 
form  characteristics  of  distortionless  lines6  was  found 
possible. 

An  experimental  varistor  rotor,  incorporating  the 
above  circuit  modifications,  gave  a  beam  of  sensitiv¬ 
ity  with  the  same  characteristics  as  those  produced 
by  vacuum-tube  electronic  rotors.  Its  major  lobe  was 
25  degrees  wide  6  db  down,  while  the  minor  lobes 
were  15  db  to  16  db  below  the  tip  of  the  major  lobe. 

ER  Submarine  System.  When  the  tests  were  sub¬ 
stantially  completed,  HUSL  was  authorized  to  de¬ 
velop  an  ER  sonar  for  submarines.  As  designed  and 
built,  the  system  incorporated  two  48-element  trans¬ 
ducers,  one  mounted  on  the  forward  deck  and  the 
other  beneath  the  hull.  In  the  topside  transducer, 
each  element  was  tilted  by  an  angle  of  6  degrees  with 
the  vertical  to  overcome  the  unfavorable  characteris¬ 
tics  of  negative  thermal  gradients  frequently  en¬ 
countered  in  the  sea.  The  system  was  designed  to 
operate  at  a  signal  frequency  of  either  26  kc  or  31  kc, 
and  with  a  330-rps  scanning  speed  so  that  a  3-msec 
transmitted  pulse  could  be  used. 

Factors  peculiar  to  submarine  installation  made  it 
necessary  to  locate  the  ER  rotor  inside  the  transducer 
so  as  to  reduce  the  size  of  the  cable  brought  through 
the  pressure  hull.  Both  crystal  and  magnetostriction 
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transducers,  each  type  designed  to  accommodate  an 
ER  rotor,  were  built  for  experimental  work.  The 
rotor  was  a  circular  unit  that  could  be  quickly  in¬ 
serted  or  removed  without  disturbing  the  transducer 
elements  or  their  connections.  It  contained  48  mu¬ 
tually  interchangeable  switching  sections.  Each  sec¬ 
tion  contained  a  varistor,  a  neutralizing  capacitor, 
and  a  portion  of  the  switching  lag  line. 

The  transmitter,  sweep-range  marking  circuits, 
and  receiver  were  built  into  three  separate  boxes  and 
consolidated  into  one  stack.  A  fourth  box,  containing 
the  PPI,  was  a  separate  unit  located  at  a  convenient 
place  in  the  submarine.  A  complete  description  and 
photographs  of  this  system  are  presented  in  Chapter 
7  of  this  volume. 

The  completed  submarine  sonar  was  tested  at  the 
HUSL  Spy  Pond  Calibration  Station  during  January 
1945,  and  the  receiving  beam  pattern  produced  by 
the  rotor  and  transducer  was  satisfactory.  The  sensi¬ 
tivity  was  about  30  db  above  the  reference  level  of 
thermal  noise  in  100  ohms.  The  system  was  capable 
of  detecting  echoes  from  8-inch  and  12-inch  triplanes 
representing  3-foot  and  5-foot  diameter  spheres  re¬ 
spectively.  The  transmitter  provided  3  kw  of  average 
power  to  the  transducer  during  the  3-millisecond 
pulse  interval. 

The  serious  difficulty  which  evolved  in  operation 
of  the  submarine  system  was  the  inability  of  the  va¬ 
ristors  to  withstand  transmitting  voltages.  In  trans¬ 
mission  a  certain  amount  of  transmitter  voltage 
leaked  over  into  the  varistor  switch  circuit  by  various 
paths  and,  as  a  result,  individual  varistors  burned 
out  after  a  short  period  of  operation.  A  ring  stack 
was  then  used  as  a  separate  transmitting  projector  so 
that  no  transmitter  energy  was  fed  to  the  transducer 
or  the  varistor  rotor.  The  system  with  this  modifica¬ 
tion  was  tested  again  at  Spy  Pond  in  February  1945 
and  was  found  to  be  satisfactory.  The  outfit  was  capa¬ 
ble  of  picking  up  echoes  from  the  8-inch  and  12-inch 
triplanes  and  delineated  the  character  of  the  bottom 
at  Spy  Pond  with  comparative  accuracy.  Later,  it  was 
installed  aboard  a  submarine.12 

During  the  development  of  the  submarine  varistor 
electronic  rotor,  further  investigation  of  the  general 
properties  of  varistor  electronic  rotors  seemed  advisa¬ 
ble.  Consequently,  a  test  setup  was  constructed  and 
installed  aboard  the  Tippecanoe.  A  Brush  crystal 
transducer,  AX-89  No.  2,  and  a  36-element  varistor 
rotor,  with  a  variable-amplitude  switching  signal 
input  to  the  lag  line  and  the  amplifier,  to  operate 


with  the  rotor  were  used.13  Results  of  this  test  indi¬ 
cated  that  the  characteristics  of  the  beam-forming 
lead  line  must  be  carefully  adjusted  to  suit  the  trans¬ 
ducer.  During  this  experimental  work  a  theoretical 
study  on  beam  and  pattern  formation  in  electronic 
rotation  was  undertaken.14  Many  predictions  were 
borne  out  in  the  fundamental  tests  conducted  with 
AX-89  No.  2  and  its  rotor.15  Experiments  involving 
new  forms  of  electronic  switching  to  overcome  the 
difficulties  inherent  in  the  use  of  varistors  were  per¬ 
formed.  Varistors,  although  making  satisfactory 
switches,  are  not  uniform  in  their  characteristics. 
Since  the  gain  of  each  switch  has  a  marked  effect  upon 
pattern  shape  and  uniformity,  it  was  found  advisable 
to  replace  varistor  rotors  in  the  ER  submarine  sonar 
by  rotors  employing  vacuum  tubes.  This  change  was 
effected  just  prior  to  the  transfer  of  the  scanning 
sonar  research  program  from  HUSL  to  the  USNUSL 
at  New  London. 

Application  of  ER  Scanning  System.  The  ER  sys¬ 
tem  was  developed  chiefly  for  use  in  submarines.  Its 
short  transmitted  pulse  provides  greater  security 
against  detection,  besides  making  the  discovery  of 
small  objects  possible.  It  is  believed  that,  with  the 
use  of  an  ER  system,  a  submarine  should  be  able  to 
detect  mines  and  navigate  mine  fields.  It  is  expected 
that  the  shorter  transmission  period  possible  with 
the  ER  system  will  increase  the  security  of  a  sub¬ 
marine  from  detection  by  attacking  enemy  craft. 

The  ER  system  has  no  moving  mechanical  parts, 
so  that  its  maintenance  requires  only  normal  radio¬ 
repair  operations.  Since  the  circuits  are  relatively 
complex,  containing  large  numbers  of  component 
parts  that  have  very  close  tolerances,  maintenance 
techniques  must  be  carefully  worked  out. 

The  short  pulse  gives  the  ER  system  a  higher  ratio 
of  signal-to-reverberation  noise  than  is  possible  in  the 
CR  system,  and  forms  the  basis  of  its  superior  ability 
to  detect  small  objects.  Design  considerations  are  dis¬ 
cussed  in  detail  in  Chapter  3. 

The  ER  system  gives  better  range  resolution 
than  the  CR  system  because  of  its  higher  rotating 
speed.  Bearing  resolution  is  poorer,  however,  because 
of  its  inferior  beam  pattern,  and  this  should  be  a 
subject  for  future  development. 

The  high  rotation  speed  of  the  ER  system  provides 
the  possible  advantage  of  creating  a  rotation  doppler. 
That  is,  the  rotor  output  signal,  caused  by  a  single 
frequency  source  in  the  water,  acts  approximately  as 
if  the  transducer  were  physically  rotated  at  the  elec- 
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tronic  rotation  speed.  Doppler  components  of  the 
order  of  10  kc  are  added  to  the  signal  frequency  at 
certain  bearings,  and  it  may  be  possible  to  make  use 
of  this  property  to  improve  the  system  characteristics, 
as  explained  in  Chapter  7. 

The  high  rotation  speed  also  has  some  inherently 
undesirable  properties.  Greater  band  widths  in  the 
receiving  system  are  necessary  to  pass  the  shorter 
pulse  generated  by  the  rotor,  and  this  tends  to  give 
poorer  signal-to-noise  ratios  than  are  found  in  the 
slower  systems.  However,  the  most  recent  (April 
1945)  ER  system  has  detected  signals,  under  quiet 
conditions,  as  small  in  magnitude  as  those  detected 
by  any  CR  outfit. 

1  7  PLANS  FOR  FUTURE  WORK 

Only  the  preliminary  investigation  of  possibilities 
of  scanning  sonar  had  been  completed  when  this  was 
written  (May  1945),  and  much  work  is  incomplete. 
The  construction  of  suitable  transducers  is  both 
difficult  and  expensive,  and  it  is  suggested  that  some 
future  work  be  directed  toward  simplifying  manufac¬ 
ture.  Obtaining  sharper  beams  with  smaller  minor 
lobes  is  important  because  such  an  improvement 
would  increase  bearing  accuracy,  resolving  power, 
and  signal-to-noise  and  signal-to-reverberation  ratios. 
Putting  more  acoustic  power  into  the  water  for  satis¬ 
factory  echo  ranging  from  high-speed  ships  and  on 
noisy  targets  than  is  now  used  will  be  necessary.  Also, 
permanent-magnet-polarized  magnetostriction  trans¬ 
ducers  or  piezoelectric  crystal  transducers  should  be 
used  to  eliminate  the  necessity  for  polarizing  current. 

The  beam-forming  networks  should  be  investi¬ 


gated  to  increase  ease  of  manufacture  as  well  as  to 
obtain  sharper  and  cleaner  beams.  This  is  especially 
true  in  the  case  of  ER  systems  where  the  beams  are 
neither  so  sharp  nor  clean  as  theoretically  they  could 
be.  Performing  of  beams  and  storage  methods  also 
merit  attention.  A  listening  channel  should  be  devel¬ 
oped  for  the  ER  system.  The  CR  commutator  can 
probably  be  reduced  in  size  and  rotated  at  higher 
speeds  to  permit  shorter  pulses  and  better  range 
resolution.  In  any  case,  its  design,  both  electrical  and 
mechanical,  should  be  refined. 

Future  work  on  the  electronic  components  will  un¬ 
doubtedly  be  directed  toward  greater  simplicity  of 
circuits  and  ease  of  fnaintenance  and  operation. 
Items  that  should  be  investigated  include  receiver 
gain  control,  range-measuring  circuits,  underwater 
communication,  test  arrangements,  a  true  sector-scan¬ 
ning  system,  expanded  range  sweep,  reduction  of 
interference  from  other  pinging,  doppler  sensitiza¬ 
tion,  own-doppler  nullification,  and  storage  line 
transmitters. 

Any  future  overall  design  work  on  scanning  or 
other  sonars  should  start  from  the  operator’s  point 
of  view,  the  kind  of  information  to  be  presented  to 
the  operator  and  what  he  must  do  with  this  informa¬ 
tion  being  considered  first.  The  equipment  should 
then  be  designed  to  obtain  and  present  this  data  in 
the  best  and  most  convenient  form. 

As  gunnery  fire-control  techniques  are  adopted  to 
control  attack,  the  operating  function  of  sonar  be¬ 
comes  that  of  fire-control  director.  It  is  therefore 
important  to  design  the  sonar  as  an  integral  portion 
of  the  complete  attack  system  rather  than  as  a  sepa¬ 
rate  unit,  so  that  maximum  efficiency  of  the  entire 
system  will  be  attained. 
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GENERAL  CONSIDERATIONS  IN  SCANNING 
SONAR  DESIGN 


2.1  BASIC  DESIGN  PARAMETERS- 
INTERRELATION 

The  major  design  parameters  of  a  scanning  sonar 
system  are  determined  primarily  by  the  specific 
operational  properties  desired  for  the  system.  Norm¬ 
ally,  the  specifications  would  state,  among  other 
things,  the  desired  assured  range  for  a  given  target 
under  good  water  conditions;  the  range  resolution, 
or  minimum  range  difference  between  two  targets 
on  the  same  bearing  which  can  just  be  distinguished; 
and  the  bearing  resolution.  A  further  specification 
would  require  that  presentation  of  the  echo  position 
be  easily  interpreted  and  that  the  mode  of  indication 
should  not  tire  the  operator  excessively.  When  used 
on  submarines,  there  would  be  the  additional  re¬ 
quirement  that  the  transmitted  pulse  of  the  scanning- 
system  should  not  be  detectable  by  a  surface  ship. 

These  operational  specifications  place  definite  lim¬ 
itations  upon  the  basic  physical  design  parameters 
of  the  system.  A  quantitative  study  of  the  relations 
between  the  operational  specifications  and  the  de¬ 
sign  parameters  is  given  in  Chapter  3.  Present  dis¬ 
cussion,  however,  is  limited  to  an  examination  of  the 
interrelationships  of  the  various  quantities. 

The  scanning  sonar  indicator  is  called  a  plan  posi¬ 
tion  indicator  [PPI],  and  is  usually  augmented  by  a 
listening  channel.  On  the  PPI  a  unit  radial  distance 
on  the  oscilloscope  face  corresponds  to  a  large  dis¬ 
tance  in  the  water  measured  radially  from  the  echo¬ 
ranging  ship.  Consequently,  when  the  PPI  range  reso¬ 
lution  is  specified,  the  number  of  yards  in  the  water 
which  corresponds  to  a  given  distance  on  the  PPI 
must  be  such  that  two  spots,  representing  targets  at 
the  limit  of  resolution,  can  be  distinguished  on  the 
oscilloscope  face  without  causing  the  operator  undue 
visual  strain.  On  the  other  hand,  ease  of  operation 
and  interpretation  demands  that  the  outside  rim  of 
the  oscilloscope  face  correspond  to  a  range  large 
enough  so  that  an  appreciable  region  around  the  ship 
is  pictured  and  the  range  selector  switch  need  not  be 
changed  too  often  during  an  attack.  The  scanning 
frequency  must  be  chosen  so  that  the  time  difference 


required  for  echoes  to  reach  the  receiving  hydro¬ 
phone  from  two  targets  at  the  limit  of  range  resolu¬ 
tion  cannot  be  less  than  the  time  required  for  one 
revolution  of  the  spiral  sweep.  This  determines  a 
lower  limit  of  the  spiral  sweep  frequency.  Moreover, 
the  duration  of  the  echo  must  be  as  great  as  the  time 
required  for  one  revolution  of  the  spiral  sweep.  This 
condition  is  necessary  in  order  to  insure  that  the 
beam  is  pointed  at  the  target  within  that  interval  in 
which  the  echo  is  passing  the  receiving  hydrophone. 
Thus  the  lower  limit  of  the  scanning  frequency  also 
determines  a  lower  limit. of  the  pulse  length.  How¬ 
ever,  the  pulse  length  must  be  made  so  short  that 
echoes  are  not  received  from  the  same  target  on  two 
successive  turns  of  the  spiral  sweep,  unless  the  target 
has  such  an  extent  in  range.  It  is  an  experimental 
fact1  that  at  normal  echo-ranging  frequencies  the 
ratio  of  signal-to-reverberation  level  increases  with 
decreasing  pulse  length.  Since  the  range  resolution 
essentially  states  the  accuracy  with  which  a  target 
position  can  be  determined,  it  is  also  a  direct  measure 
of  range  accuracy. 

The  pulse  repetition  rate  is  fixed  by  the  maximum 
range,  corresponding  to  the  outside  rim  of  the  PPI 
oscilloscope  face,  since  time  must  be  allowed  after  a 
ping  for  the  echo  to  go  to  and  return  from  the  great¬ 
est  recordable  range  before  another  ping  is  initiated. 

The  maximum  desired  range  fixes  the  upper  limit 
for  the  echo-ranging  frequency,  since  the  attenuation 
of  sound  in  the  sea  increases  rapidly  with  frequency. 
For  ideal  sea  conditions  the  optimum  echo-ranging 
frequency  is  around  20  kc;  however,  under  conditions 
of  rough  sea  and  strong  temperature  gradients  the 
optimum  frequency  may  be  as  high  as  40  kc.  For 
small  object  detection,  long  ranges  are  not  required 
and  high  frequencies  may  be  employed  to  reduce  the 
transducer  dimensions. 

The  specifications  on  the  bearing  resolution  fix  the 
sharpness  of  the  major  lobe  of  the  receiving  sensitiv¬ 
ity  pattern.  If  objects  close  together  are  to  be  shown, 
an  extremely  directional  (narrow)  beam  is  required. 
The  beam  width  and  the  echo-ranging  frequency  de¬ 
termine  the  receiving  hydrophone  diameter.  If  the 
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rotating  beam  of  receiving  sensitivity  is  obtained 
from  a  stationary  transducer  by  present  methods,8 
certain  conditions  for  smooth  rotatability  must  be 
fulfilled  (see  Section  2.7  on  transducers).  The  dimen¬ 
sions  of  the  transducer,  apart  from  conditions  im¬ 
posed  by  considerations  of  ship  design,  which  are  fre¬ 
quently  the  controlling  factors  in  the  specification  of 
size,  are  fixed  by  the  echo-ranging  frequency.  The 
specifications  on  bearing  resolution  may  also  put  re¬ 
strictions  on  the  pulse  shape  of  the  transmitted  ping, 
since  modulation  in  the  echo  pulse  may  cause  a  sub¬ 
stantial  bearing  error  (see  Figure  1).  Unfortunately, 
the  transmission  of  the  echo  through  the  water  may 
also  cause  considerable  modulation  of  the  echo. 

In  the  scanning  system  the  transmitted  ping  is  sent 
out  in  all  directions  simultaneously,  while  in  a  search¬ 
light  system  the  energy  is  concentrated  in  a  narrow 
beam.  For  this  reason  the  acoustic  power  which  is 
emitted  from  the  projector  must  be  considerably 
higher  for  the  scanning  system  if  the  same  echo 
strength  is  desired  from  a  given  range.  Moreover,  it 
is  found  that  in  either  system  the  power  must  be  in¬ 
creased  many  times  in  order  to  increase  the  maximum 
obtainable  range  by  a  small  fraction. 

In  normal  long-ping  echo  ranging  the  advantages 
to  be  obtained  with  an  aural  indicator  point  to  the 
desirability  of  retaining  the  listening  channel  in  ad¬ 
dition  to  the  PPI.  This  rests  upon  the  fact  that  the  ear 
is  a  more  sensitive  echo  detector  than  the  PPI,  espe¬ 
cially  when  the  echo  has  a  doppler  component  due 
to  target  motion.  The  value  of  the  listening  channel 
decreases  markedly,  however,  with  decreasing  pulse 
length,  while  the  value  of  the  PPI  increases  as  the 
range  is  shortened.  This  is  true  because  the  aural 
quality  of  the  echo  is  lost  with  the  short  pulse,  while 
the  screen  persistence  of  the  PPI  reduces  the  frac¬ 
tional  number  of  recordable  echoes  required  to  keep 
the  picture  of  the  target  on  the  oscilloscope  face  as  the 
pulse  repetition  rate  increases.  In  long-pulse  systems 
employing  a  listening  channel,  the  band  width  of  the 
receiver  must  remain  broad  enough  to  preserve  the 
tonal  quality  of  the  echo  and  of  the  background 
noise.  The  band  width  must  also  be  broad  enough  so 
that  the  doppler  in  the  echo  frequency  does  not  shift 
the  echo  beyond  the  receiving  band.  In  scanning  sys¬ 
tems  there  is  a  further  shift  in  the  echo  frequency 
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A.  BEAM  MODULATION  OF 


a  A  cylindrical  transducer  which,  considered  by  itself,  is 
omnidirectional  in  the  horizontal  plane,  with  the  cylinder 
broken  up  into  staves  so  that  shading  and  phasing  circuits  may 
be  added. 


Figure  1.  Diagram  showing  effect  of  echo  modulation 
on  bearing  accuracy. 

which  is  caused  by  the  rotating  beam  of  receiving 
sensitivity.  This  arises  from  the  fact  that  there  is 
associated  with  the  rotating  amplitude  pattern  a  ro¬ 
tating  phase  pattern  which  causes  a  phase  modula¬ 
tion  of  the  echo  just  as  the  amplitude  pattern  causes 
an  amplitude  modulation.  The  phase  modulation 
can  in  turn  be  thought  of  as  a  frequency  modulation. 
Consequently,  if  it  is  decided  that  all  echo  levels  less 
than,  for  example,  10  db  down  on  the  amplitude  pat¬ 
tern  must  be  passed  through  the  receiver,  the  band 
width  must  be  broad  enough  to  pass  the  frequency 
after  it  has  been  shifted  by  own  doppler,  target  dop¬ 
pler,  and  rotation  doppler.  The  rotation  doppler 
increases  with  scanning  speed,  resulting  in  an  in¬ 
crease  in  band  width  and  a  corresponding  decrease 
in  the  ratio  of  signal-to-noise  level.  This  effectively 
sets  an  upper  limit  on  the  scanning  speed  and  conse¬ 
quently  a  lower  limit  on  the  pulse  length. 

Scanning  systems  for  submarines  are  further  re¬ 
stricted  by  security  considerations.  It  is  at  times  de¬ 
sirable  for  the  submarine  to  send  out  a  single  ping 
for  a  target  range  determination  without  risking  de¬ 
tection  by  a  surface  vessel.  Here  the  omnidirection¬ 
ality  of  the  transmitted  pulse  becomes  a  disadvan¬ 
tage,  since  all  surface  ships  have  an  equal  opportu- 
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nity  to  detect  the  submarine.  In  a  searchlight  system, 
only  the  ship  ranged  upon  has  a  good  opportunity. 
However,  the  total  information  obtained  is  corre¬ 
spondingly  greater  with  the  scanning  system.  With 
any  system,  security  can  be  improved  by  echo  ranging 
at  an  uncommon  frequency,  with  a  short  pulse,  and 
at  the  lowest  power  possible. 

2  2  INDICATORS  AND  CONTROLS 

The  sources  of  information  for  a  scanning  sonar 
system  are: 

1.  Noise— such  as  that  coming  from  propellers  of 
ships  or  submarines. 

2.  Signals— acoustical  transmission. 

3.  Echoes— acoustical  reflections. 

Interference  with  the  recognition  and  assimilation 
of  this  information  is  caused  by: 

1.  Water  noise. 

2.  Electrical  noise. 

3.  Reverberation. 

The  primary  information  obtained  includes  one  or 
more  of  the  following  factors  for  one  or  more  sources 
such  as  targets,  wakes,  or  bottom: 

1.  Slant  range. 

2.  Azimuthal  bearing  (true  or  relative). 

3.  Depth  angle. 

4.  Doppler. 

5.  Propeller  or  auxiliary  noise— thus  identifying 
target. 

6.  Target  aspect  (resolution  permitting). 

7.  Signals  (communication). 

8.  Miscellaneous  information  — covering  less  tan¬ 
gible  factors,  such  as  the  difference  in  echoes 
from  submarines  and  wakes  as  determined 
aurally. 

By  suitable  operations  the  following  additional  in¬ 
formation  can  be  derived: 

1.  Horizontal  range. 

2.  Depth. 

3.  Range  rate. 

4.  Bearing  rate. 

5.  Target  speed,  course,  depth,  and  predicted  fu¬ 
ture  locations. 

6.  Condition  of  operation  of  the  equipment. 


In  general  this  information  is  used  in: 

1.  Search. 

2.  Attack. 

3.  Navigation. 

4.  Communication. 

5.  Testing  and  maintenance. 

While  the  trend  in  scanning  sonar  design  is  to  feed 
information  obtained  from  the  sonar  equipment  di¬ 
rectly  to  attack  directors  and  fire-control  equipment 
and  thus  to  make  the  operation  of  the  system  semi¬ 
automatic,  the  progress  of  sonar  development  has  not 
yet  reached  beyond  the  necessity  for  consideration  of 
the  human  element.  The  judgment  of  operator,  con¬ 
ning  officer,  and  other  personnel  must,  therefore,  be 
taken  into  account  in  designing  for  the  sonar  gear 
suitable  indicators  to  present  the  information  in  the 
form  which  is  most  easily  recognized,  assimilated,  and 
put  to  use. 

Indicators  may  be  classified  in  a  general  way  by  the 
method  of  their  interpretation,  such  as  hearing,  sight, 
or  touch.  Any  combination  of  these  methods  to  indi¬ 
cate  a  single  factor  is  an  important  consideration;  for 
example,  listening  to  an  echo  and  seeing  it  on  a  screen 
at  the  same  time  may  convey  more  information  to  an 
operator  than  the  use  of  either  sense  alone. 

Types  of  indicators  that  have  been  proposed  or 
used  are: 

1.  Cathode-ray  tubes. 

2.  Mechanical  devices  such  as  rotating  dials, 
drums,  pointers,  scales,  cursors,  bugs,  etc. 

3.  Meters. 

4.  Recorders— chemical,  spark,  or  direct  inking. 

5.  Loudspeakers,  headphones. 

In  designing  the  indicators  for  a  system  of  scanning 
sonar,  the  following  factors  are  important: 

1.  The  number  and  location  of  persons  needing 
the  particular  information,  and  the  relative  im¬ 
portance  and  accuracy  of  the  information  that 
each  must  have. 

2.  The  degree  of  memory  required. 

3.  The  assignment  of  certain  persons  to  specific 
functions,  and  the  relative  importance  and  fre¬ 
quency  of  use  of  the  controls. 

4.  The  background  conditions  such  as  noise  level 
or  lighting. 

5.  The  possibility  of  using  indicators  jointly  with 
other  systems— such  as  radar. 
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Associated  with  each  indicator  may  be  one  or  more 
controls  and  miscellaneous  electronic  equipment, 
such  as  power  supplies,  the  design  of  which  is  logi¬ 
cally  a  part  of  the  general  indicator  design  problem. 
The  designer  must  consider  all  pertinent  Navy  speci¬ 
fications  to  insure  that  the  indicators  are  capable  of 
satisfactory  operation  under  the  severe  conditions  en¬ 
countered  by  naval  sound  gear,  and  that  maintenance 
requires  a  minimum  of  effort  and  material.  He  must 
also  consider  the  problem  of  training  personnel  to 
use  the  indicators. 

2-21  PPI  Scanning  Display 

With  scanning  sonar  the  most  useful  indicator  for 
the  operator  in  search  and  attack  has  been  the  PPI 
display,  and  for  this  purpose  the  persistent-screen 
cathode-ray  tube  is  the  most  satisfactory  indicator. 
The  PPI  display  is  a  two-dimensional  polar  plot  of 
the  slant  range  and  azimuthal  bearing  of  all  echo-pro¬ 
ducing  objects  within  a  given  radius,  usually  up  to 
about  4,000  yards.  Noise  sources  are  also  shown,  al¬ 
though  with  no  indication  of  range. 

This  information  may  be  displayed2  3  as  a  ship- 
centered  plot,  geographic  plot,  mooring-board 
(target-centered)  plot,  or  explosion-point-centered 
plot.  The  ship-centered  plot  seems  most  useful  to  the 
operator,  the  geographic  plot  to  the  plotter,  and  tar¬ 
get  and  explosion-point-centered  plots  to  sonar  offi¬ 
cers  or  conning  officers. 

Maintenance  of  true  bearing  [MTB]  is  generally 
applied  to  all  but  the  ship-centered  plot,  in  which 
case  MTB  is  usually  applied  to  the  bearing  cursor 
only,  while  the  plot  itself  is  in  relative  bearing. 

Ship-Centered  PPI  Display 

The  ship-centered  PPI  display  has  been  considered 
most  useful  as  an  indicator  for  the  operator  in  search 
and  attack.  Since  the  depth  angle,  except  at  close 
ranges,  is  small,  such  a  plot  represents  a  picture  of  a 
plane  roughly  parallel  to  the  surface  of  the  ocean. 
While  the  plot  is  usually  portrayed  in  relative  bear¬ 
ing  with  000°  relative  up  and  away  from  the  viewer, 
it  is  possible  to  apply  MTB  and  have  000°  true 
(north)  always  up  and  away  from  the  operator.  Since 
some  sort  of  cursor  or  bearing  line  is  customarily 
used,  it  is  generally  found  more  desirable  for  quick 
evaluation  of  the  display  to  apply  the  MTB  to  the 
cursor  and  to  keep  the  plot  relative. 

Scanning  indication  on  the  ship-centered  PPI  is  ac¬ 


complished  by  a  spiral  sweep  whose  angular  position 
is  synchronized  with  that  of  the  scanning  beam  of 
sensitivity  and  whose  radial  velocity  is  constant,  de¬ 
termined  by  the  usable  radius  of  the  indicator  and 
the  time  interval  of  the  echo-ranging  cycle.  The  maxi¬ 
mum  range  is  determined  by  the  ability  of  the  system 
to  detect  weak  echoes.  This  is  a  function  of  frequency, 
sensitivity,  power  output,  water  noise,  and  the  ther¬ 
mal  gradients  in  the  water.  Echoes  are  indicated  by 
brightening  of  the  screen  at  a  radius  determined  by 
the  range  of  the  reflecting  object,  while  brightening 
occurs  along  whole  “noise  radials’’  in  the  case  of  noise 
sources. 

Geographic  Plot  PPI 

This  type  of  display  is  similar  to  that  used  in  the 
antisubmarine  attack  plotter  [ASAP].  Here  the  posi¬ 
tions  of  both  ship  and  target  move;  that  is,  the  plot 
is  stationary  with  respect  to  the  surface  of  the  ocean. 
While  this  type  of  display  is  more  complicated  and 
does  not  materially  assist  the  operator,  it  does  offer 
advantages  in  the  plotting  procedure,  and  possibly 
to  the  sonar  officer  and  conning  officer.  For  example, 
with  the  addition  of  scanning,  the  plotter  is  able  to 
obtain  information  more  rapidly,  and  in  addition  to 
plotting  own-ship’s  movement  and  the  motion  of  the 
primary  target,  he  may  plot  additional  targets  or  the 
positions  and  motions  of  friendly  ships.  Since  preci¬ 
sion  of  spot  position  is  required,  considerable  atten¬ 
tion  should  be  given  to  the  design  so  that  the  position 
is  independent  of  such  things  as  line  voltage  varia¬ 
tion,  humidity,  temperature,  or  tube  change.  Early 
in  1945  an  ASAP  unit  was  modified4  and  adapted  for 
a  30-rps  PPI  scanning  and  tested  at  HUSL  with  mod¬ 
erately  satisfactory  results. 

Bearing  Information  from  PPI 

Bearing  information  may  be  obtained  from  a  PPI 
screen  by: 

1.  Estimation,  where  precision  is  not  required. 

2.  Cursors,  either  mechanical  or  electronic. 

If  the  gyro  synchro  order  is  available,  MTB  may  be 
applied.  This  is  of  considerable  assistance  to  the 
operator  during  change  of  ship’s  course  and  facili¬ 
tates  the  reporting  of  true  as  well  as  relative  bearing. 
The  work  of  the  plotter,  sonar  officer,  and  conning 
officer,  both  in  attack  and  in  search,  is  made  easier 
when  true-bearing  information  is  available. 

Both  mechanical  and  electronic  cursors  have  been 
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designed  and  tested.  They  may  be  compared  on  the 
basis  of  the  following  factors: 

1.  Screen  visibility. 

2.  Cursor  visibility. 

3.  Parallax. 

4.  Alignment  of  cursor  to  plot. 

5.  Accuracy. 

6.  Driving  requirements. 

7.  Ease  of  setting. 

Bearing  cursors  that  have  been  tried  are  funda¬ 
mentally  either  a  radial  line  to  center  on  echo  spot, 
two  radial  lines  at  a  fixed  small  angle  to  subtend  the 
arc  of  the  echo  spot,  or  a  combination  of  the  two.5"6 
(The  design  considerations  for  various  types  of  cur¬ 
sors  are  taken  up  in  the  section  on  range  deter¬ 
mination.) 

It  may  be  desirable  in  a  system  to  repeat  bearings 
at  several  locations  and  to  use  a  bearing  recorder. 
This  consideration  may  affect  the  choice  of  cursor 
used.  Where  the  cursor  is  coupled  to  a  training  sys¬ 
tem  which  requires  appreciable  time  to  change  bear¬ 
ing,  it  may  be  made  to  move  at  greater  speed  than  the 
training  speed  and  thus  show  the  intended  order  or 
eventual  position  of  training  before  the  actual  train¬ 
ing  is  accomplished,  or  it  may  be  made  to  repeat  the 
actual  training  accomplished. 

When  the  PPI  screen  portrays  a  relative  plot,  MTB 
may  be  applied  to  the  cursor  by  adding  the  training 
order  to  the  gyro  order  and  applying  the  result  to  the 
cursor  drive  system.  This  additional  feature  may  be 
accomplished  electrically  with  a  DG  synchro,  or  me¬ 
chanically  with  differential  gearing. 

Range  Information  from  PPI 

Range  information  may  be  obtained  from  the  PPI 
screen  by: 

1.  Estimation. 

2.  Engraved  scales. 

a.  Concentric  rings. 

b.  Arcs  on  cursor. 

3.  Electronic  schemes. 

a.  Range  circles— fixed. 

b.  Adjustable  length  electronic  cursor. 

c.  Adjustable  range  circle  or  caliper. 

Estimation  can  be  used  satisfactorily  when  preci¬ 
sion  is  not  required.  If  this  method  is  used,  it  is  help¬ 
ful  to  choose  range  sweep  rates  that  produce  swept 
ranges  expressed  in  round  numbers,  with  simple 


multiplying  factors  as  the  range  sweep  rates  are 
changed.  Some  systems  key  from  a  range  recorder 
which  produces  swept  ranges  that  may  be  odd  figures, 
such  as  3,750  yards.  If,  in  this  case,  the  sonar  operator 
must  estimate  range  also,  it  may  be  desirable  to  use  a 
range  sweep  rate  corresponding  to  4,000  yards  in 
order  to  make  estimation  easier,  even  though  there  is 
a  slight  loss  of  usable  screen  area. 

Scales  may  be  engraved  as  concentric  circles  on  a 
transparent  disk  over  the  scope  face.  Where  a  me¬ 
chanical  cursor  is  used,  arcs  may  be  engraved  on  the 
cursor  plate  to  produce  a  range  scale.  Engraved  scales 
usually  require  illumination,  such  as  edge  lighting,  to 
make  them  visible  without  affecting  screen  visibility. 

In  place  of  engraved  scales  for  range,  electronically 
brightened  rings7  may  be  introduced  on  the  scope  at 
intervals  corresponding  to  those  of  the  engraved 
range  scales.  These  may  appear  continuously  on  the 
screen  during  echo  ranging  or  may  be  made  to  ap¬ 
pear  when  required  by  push  button  or  switch  control. 
The  intensity  of  these  marks  should  be  adjustable. 

An  alternate  scheme  is  to  use  an  electronic  bearing 
cursor5’6  of  adjustable  length  with  the  length  con¬ 
trol  calibrated  in  range.  The  calibration  could  be  a 
voltmeter  scale  which  would  lend  itself  readily  to  re¬ 
mote  indication. 

Another  electronic  range-measuring  scheme  is  to 
use  one  brightened  circle  of  adjustable  radius,  with 
the  adjustment  control  calibrated  in  range.8  To  pre¬ 
vent  interference  with  the  echo,  a  nonbrightened  arc 
or  portion  of  the  range  circle  may  be  included,  the 
blank  arc  being  made  to  center  on  the  bearing  cursor, 
thus,  in  effect,  setting  a  caliper  -on  the  echo. 

Whenever  it  is  desired  to  read  range  accurately 
from  the  PPI  screen  with  reference  to  mechanical 
markers,  considerable  care  must  be  taken  in  design 
to  make  the  indicator  linear,  stable  (independent  of 
slow  or  rapid  line  voltage  changes),  and  free  from 
parallax. 

Other  Range-  and  Bearing-Determining  Devices 

For  purposes  of  remote  repeating,  plotting,  or  feed¬ 
ing  attack  directors,  it  may  be  desirable  to  have  the 
sonar  operator  follow  the  target  with  a  suitable 
pointer,  and  either  mechanically  or  electrically  feed 
information  from  the  position  and  movement  of  this 
pointer,  or  spot,  to  the  repeater,  plotter,  or  attack 
director.  In  this  case  the  operator  may  or  may  not 
have  to  determine  range  and/or  bearing  for  himself. 
To  prevent  covering  up  parts  of  the  screen  it  may  be 
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Figure  2-  Proposed  designs  for  range  and  bearing  followers. 


desirable  to  superimpose  the  follower  spot  on  the 
screen  by  optical  means.9  (For  example,  see  Figure  2.) 

Tube  Size 

The  choice  of  the  size  of  the  cathode-ray  tube  is 
dictated  by  one  or  more  of  the  following  factors: 

1.  Number  of  persons  having  to  view  screen. 

2.  Centering  of  attention  of  chief  operator;  eye 
fatigue  and  accommodation. 

3.  Persistence,  color,  intensity. 

4.  Mechanical  size,  screen  size,  face  curvature,  edge 
wastage. 

5.  Type  of  deflection  and  neck  size  and  shape. 

6.  Procurement  problems  and  standardization,  re¬ 
liability,  uniformity. 

7.  Power  supply  requirements. 

The  relative  importance  of  the  foregoing  factors 
varies  with  the  system,  but  the  5FP7  and  the  7BP7 
tubes  are  most  useful. 

Consideration  must  be  given  to  magnetic  shielding 
and  the  proper  placement  of  any  electromagnetic 
components  whose  fields  may  disturb  the  PPI  indica¬ 
tion.  Amber  and  red  filters  have  been  commonly  used 
to  reduce  eye  fatigue  from  the  initial  flash  of  blue 
light  while  passing  the  yellow-green  persistent  after¬ 


glow,  and  to  reduce  fogging  of  the  screen  by  outside 
light. 

2-2-2  Depth-Scanning  Display 

The  depth-scanning  display  (see  Chapter  6)  differs 
from  the  azimuth-scanning  or  PPI  display  in  two 
major  respects: 

1.  Scanning  does  not  take  place  through  360  de¬ 
grees. 

2.  The  area  over  which  it  is  desired  to  scan  is  ap¬ 
proximately  a  rectangle  whose  length  is  1,500 
yards  or  less  and  whose  width  (depth)  is  up  to 
400  yards. 

Since  depth  scanning  is  to  be  used  in  conjunction 
with  azimuth  scanning,  and  because  it  seemed  desir¬ 
able  to  keep  the  types  of  components  of  both  systems 
to  a  minimum  and  interchangeable,  spiral-sweep 
scanning  with  beams  of  sensitivity  rotating  at  con¬ 
stant  angular  speed  have  been  used.  An  indicator 
adapted  to  this  type  of  scanning,  which  shows  target 
position  in  a  vertical  plane,  has  been  designated 
elevation  position  indicator  [EPI],  Its  operation  is 
similar  to  that  of  the  PPI  used  for  azimuth  scanning, 
with  own  ship  as  the  reference  point  for  the  plot. 

The  fundamental  design  problems  peculiar  to  the 
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Figure  3.  Depth-scanning  indicator  screen. 


depth-scanning  display  are  to  reduce  screen  wastage, 
and  to  avoid  depth  angle  distortion.  A  common  prob¬ 
lem  is  the  provision  of  satisfactory  cursor  arrange¬ 
ments.10  A  fundamental  cause  of  wastage  of  screen 
area  when  making  use  of  circular  sweeps  is  that  the 
maximum  vertical  dimension  at  which  submarine 
echoes  would  be  expected  is  much  smaller,  perhaps 
400  yards,  than  the  horizontal  range  that  may  be  ob¬ 
tained  up  to  perhaps  1 ,500  yards.  One  way  to  reduce 
screen  wastage  is  to  offset  the  sweep  center  along  a 
radius  in  a  direction  opposite  to  the  center  of  the 
angle  of  desirable  area  of  scan  (see  Figure  3) .  De¬ 
tails  for  accomplishing  this  offset,  and  difficulties 
existing  because  of  efforts  to  combine  a  64-element 
transducer  and  a  48-element  commutator  with  this 
display  are  discussed  in  Chapter  6.  Stabilization  cor¬ 
rections  of  the  scanning  display  are  made  by  means 
of  the  mechanical  rotation  of  the  transducers  as  pre¬ 
viously  described,  and  correction  in  depth  angle  is 
made  by  means  of  a  variable  phase-shifting  trans¬ 
former  inserted  between  the  sweep  generator  and  the 
deflection  coils  on  the  cathode-ray  tube. 

Cursors  for  Depth-Scanning  Display 

The  information  to  be  obtained  from  the  depth 
scanning  sonar  [DSS]  display  is  depth  angle  or  depth, 
and  horizontal  or  slant  range.  This  information  may 
be  obtained  by  estimation,  where  accuracy  is  not  re¬ 


quired,  or  by  using  suitable  scales,  cursors,  or  spot 
followers. 

Since,  in  the  present  DSS  design,  range  is  obtained 
from  the  listening  channel,  the  depth-scanning  dis¬ 
play  is  required  to  furnish  only  depth  (depression) 
angle.  If  there  is  no  angular  distortion,  a  simple  cur¬ 
sor,  geared  1:1  with  a  synchro  order,  may  deliver  the 
depth  angle  from  the  screen  to  remote  points. 

2.2.3  Other  Scanning  Displays 

While  the  PPI  (ship-centered  and  geographic)  dis¬ 
plays  and  the  ship-centered  depth-scanning  display 
have  been  used  almost  exclusively  in  scanning  sonar 
work,  there  are  other  types  of  display,  such  as  those 
used  in  radar  work,  which  might  merit  the  attention 
of  designers  of  scanning  sonar. 

Scope  Display 

1.  A-scope  display.  This  is  a  plot  of  echo  in¬ 
tensity  versus  range.  It  is  particularly  valuable  in  the 
accurate  determination  of  range.  The  range  interval 
shown  may  be  restricted  to  a  portion  of  the  total 
range  and  this  portion  expanded  to  increase  resolu¬ 
tion  and  accuracy.  Such  a  display  would  presumably 
be  used  in  conjunction  with  a  gating  device  on  the 
scanning  channel  or  as  an  alternative  for  the  chemi¬ 
cal  range  recorder  on  the  listening  channel. 
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2.  B-scope  display.  This  is  a  rectangular  plot  of 
range  versus  bearing,  in  which  the  echo  intensity 
brightens  the  screen  to  form  a  spot.  It  is  particularly 
valuable  in  determining  bearings  accurately  at  close 
ranges  while  retaining  alertness  at  longer  ranges.  The 
locus  of  echoes  from  a  straight-line  target  appears  as 
a  curved  line.  The  bearings  may  be  restricted  and  ex¬ 
panded  when  there  is  small  angle  of  vision  in  the 
system,  thus  reducing  scope  area  wastage  and  increas¬ 
ing  resolution.  Such  an  arrangement  is  used  in  the 
NRL  sector  scan  indicator  [SSI].11 

3.  Elevation  indicator  [El].  Elevation  angle  versus 
range.  This  is  like  a  B-scope  on  its  side  and  may  be 
used  in  depth  scanning.  It  shows  depression  angle 
versus  range.  With  amplification  of  a  small  range  or 
depth  angle  it  is  called  an  expanded  elevation  indi¬ 
cator  [E2I]. 

4.  Modified  plan  positio7i  indicator  [P2I] .  The 
standard  ship-centered  PPI  may  be  made  open-cen¬ 
tered  by  starting  the  sweep  at  a  small  definite  radius. 
This  improves  bearing  accuracy  at  close  ranges. 
Angles  are  preserved  but  range  distorted,  so  that  a 
straight-line  target  is  shown  as  a  curved  line. 

5.  Precision  plan  position  indicator  [P3I].  A  gated 
portion  of  the  PPI  is  greatly  enlarged  on  a  separate 
scope. 

Mechanical  Devices 

Mechanical  oscilloscopes  and  recorders  for  scan¬ 
ning  purposes  have  been  proposed.  They  oiler  the 
following  advantages: 

1.  The  screen  may  be  made  sufficiently  large  for 
plotting  purposes. 

2.  It  is  possible  to  produce  a  permanent  record. 

3.  They  may  be  made  visible  in  full  daylight. 

The  systems  that  have  been  proposed12  have  a  light 
source  whose  intensity  is  controlled  by  the  echo  or  by 
other  signal  amplitude.  This  source  may  be  made  to 
move  mechanically,  or  it  may  be  stationary  with  the 
light  beam  moved  by  one  or  more  mirrors  or  shutters; 
a  combination  of  both  may  be  used,  thereby  produc¬ 
ing  a  spiraling  spot  of  variable  intensity. 

2ZA  Listening  Channel  (Directed  Beam) 

A  continuously  rotating  scanning  system  and  its 
display  fails  to  indicate  three  items  of  primary  im¬ 
portance;  namely,  doppler,  communication  signals, 
and  miscellaneous  audible  information.  Further¬ 


more,  the  bearing  accuracy  obtainable  with  a  PPI 
display  is  apparently  slightly  inferior  to  that  attain¬ 
able  with  a  bearing  deviation  indicator  [BDI].13>  14 
It  is,  therefore,  desirable  to  add  a  separately  directed 
listening  channel  whose  beam  of  sensitivity  may  be 
hand-trained  at  slow  speed.  Such  a  listening  channel 
with  its  associated  range  recorder  and  BDI  provides 
all  the  supplementary  information  needed. 

Audio  Output 

Audio  output  is  indicated  by  loudspeakers  and 
headphones.  The  use  of  loudspeakers  is  preferable 
where  background  noise  level  permits  their  use,  since 
they  may  be  heard  by  more  than  one  person.  When 
this  becomes  objectionable,  headphones  may  be  used. 

The  following  factors  enter  into  the  choice  of  audi¬ 
tory  indicators: 

1.  Audio  power  required  to  drive  the  speaker  or 
phone. 

2.  Level  control,  type  and  location. 

3.  Placement  of  speakers  to  direct  sound  to 
operator. 

4.  Protection  from  damage  due  to  moisture,  tem¬ 
perature,  shock,  or  vibrations. 

5.  Fidelity. 

6.  Size. 

The  usefulness  of  an  audio  output  depends  greatly 
on  the  pulse  length  used.  The  directed-beam  listen¬ 
ing  channel  makes  it  possible  to  receive  the  full 
length  of  transmitted  pulse.  Short  pulses,  such  as 
those  of  1-  to  5-millisecond  length,  produce  only 
audible  clicks.  Some  schemes  have  been  proposed  for 
enhancing  the  doppler  effect  by  use  of  “shock- 
excited”  high  Q  resonant  circuits,  but  these  were 
found  to  bring  insufficient  improvement. 

Besides  allowing  the  detection  of  doppler,  an  au¬ 
dible  echo  may  convey  “quality”  information  which 
is  difficult  to  describe,  but  which  enables  a  skilled 
operator  to  distinguish  echoes  of  the  target  from 
those  of  wakes,  whales,  and  so  forth. 

The  combination  of  an  echo  spot  on  the  screen  and 
an  audible  echo  is  of  greater  value  than  either  alone. 
The  audible  echo  permits  the  operator  to  distinguish 
between  screen  traces  coming  from  the  target  and 
those  due  to  other  noises  and  reverberation.  The 
timing  action  of  the  screen  enables  the  operator  to 
pick  out  the  true  audible  echo  from  other  audible 
noises. 

Fidelity  must  be  sacrificed  for  the  sake  of  signal-to- 
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noise  ratio.  The  band  pass  of  the  audio  channel  has 
usually  been  designed  to  pass  only  the  fundamental 
frequencies  of  the  heterodyned  signal,  with  provision 
for  accommodating  the  expected  target  and  own-ship 
doppler.  The  nominal  beat  frequency  is  usually  800  c, 
but  an  audio  frequency  of  500  c  has  sometimes  been 
suggested  in  order  to  increase  doppler  detectability. 
The  total  amount  of  doppler  shift  possible  must  be 
considered.15 

The  use  of  own-doppler  nullification  [ODN]  be¬ 
fore  the  band-width-determining  circuits  reduces  con¬ 
siderably  the  range  of  frequency  encountered,  and 
thereby  permits  a  lower  nominal  frequency.  Having 
determined  the  required  bands  of  frequency  which 
have  to  be  reproduced,  the  designer  should  select  a 
suitable  speaker  size  and  baffle  to  insure  reasonably 
uniform  and  efficient  reproduction  of  all  frequencies 
within  the  band. 

Range  Recorders 

Since  the  scanning  channel  delivers  very  short 
pulses  compared  to  the  transmitted  pulse,  marking 
on  chemical  recorders  is  difficult  and  the  contrast  of 
the  mark  is  small.  Also,  since  the  scanning  channel 
searches  in  all  directions,  it  cannot  select  targets  for 
the  recorder  unless  some  sort  of  high-speed  gating  is 
applied.  The  hand-trained  listening  channel  thus  be¬ 
comes  useful  in  providing  a  full-length  echo  pulse  to 
mark  the  recorder,  permitting  selection  of  target  for 
marking. 

Thus  far,  only  the  chemical  range  recorder  manu¬ 
factured  by  the  Sangamo  Electric  Company  has  been 
used.  However,  other  types  would  presumably  give 
normal  performance.  Test  results  using  30-milli- 
second  pulses  were  quite  satisfactory. 

Since  it  is  desirable  to  have  a  recorder  gain  control 
to  get  best  marking  and  contrast,  and  since  the  signal 
to  the  recorder  is  also  controlled  by  the  sonar  opera¬ 
tor,  there  should  be  provided  an  excess  of  gain  for  the 
signal  to  the  recorder,  thus  permitting  sufficient  sig¬ 
nal  control  by  the  recorder  operator. 

The  range  recorder  has  sometimes  been  built  into 
the  main  console  or  control  unit  of  echo-ranging  gear. 
This  probably  places  more  information  and  controls 
at  the  operator’s  disposal  than  he  can  reliably  handle 
under  the  stress  of  attack.  It  is  considered  preferable 
to  provide  a  separate  location  for  the  range  recorder 
and  to  have  a  separate  recorder-operator. 

The  range  recorder  must  be  synchronized  with  the 
echo-ranging  cycle.  To  accomplish  this,  the  recorder 


is  customarily  used  to  key  the  scanning  sonar,  either 
through  providing  a  keying  contact  or  a  suitable 
pulse  to  trigger  keying  circuits  in  the  system.  It  is  gen¬ 
erally  desirable  to  have  the  recorder  contact,  or  pulse, 
determine  the  instant  that  keying  functions  com¬ 
mence  but  not  to  determine  the  length  of  transmitted 
pulse,  blanking,  and  other  sequences.  The  circuits 
should  be  so  designed  that  double  keying  does  not 
occur;  that  is,  keying  does  not  take  place  during  the 
flyback  of  the  recorder. 

The  foregoing  paragraph  deals  with  systems  whose 
keying  circuits  are  slaved  to  the  recorder.  With  some 
types  of  keying  circuits,  however,  this  arrangement  is 
either  not  possible  or  is  extremely  difficult  to  provide, 
and  it  has  been  necessary  to  slave  the  recorder  to  the 
system  keying  circuits.  If  more  than  one  recorder  is 
used,  for  remote  repeater  or  other  purposes,  it  is  nec¬ 
essary  to  design  the  recorder  so  that  it  may  be  slaved 
to  an  external  timing  circuit. 

Since  the  recorder  generally  is  not  used  during 
search,  but  is  in  a  stand-by  condition,  provision  must 
be  made  in  the  recorder  to  change  over  from  recorder 
keying  to  self  or  automatic  keying,  and  vice  versa. 
Suitable  indication  should  be  provided  at  any  loca¬ 
tion  concerned,  to  show  whether  the  keying  is  being 
done  by  the  recorder  or  the  console  circuits  and  at 
what  range  sweep  rate  it  is  taking  place. 

The  recorder  generally  has  functions  other  than 
recording  range  and  providing  keying.  Some  of  these 
functions  are: 

1.  Computing  of  time  to  fire. 

2.  Indicating  range  rate. 

3.  Averaging  of  intermittent  data. 

4.  Determining  aspect,  identifying  targets. 

The  recorder  may  furthermore  be  designed  to  pro¬ 
vide  additional  functions  such  as: 

1.  Correcting  for  slant  range.18 

2.  Determining  depth.17 

3.  Transmitting  range,  range  rate,  and  so  forth  to 
fire  control  or  automatic  training  devices.18 

Bearing  Deviation  Indicator 

The  use  of  the  BDI  with  QC-type  sonar  makes  it 
possible  to  obtain  more  accurate  bearings  and  to 
obtain  them  with  greater  frequency.  However,  the 
accuracy  and  speed  with  which  bearing  information 
can  be  obtained  from  the  PPI  scope  of  a  scanning 
sonar  system  are  already  considerably  greater  than 
those  with  which  they  can  be  obtained  from  a  non- 
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BDI  searchlight  system.  There  is,  accordingly,  some 
question  as  to  whether  the  addition  of  BDI  to  a  scan¬ 
ning  sonar  system  gives  sufficient  improvement  to 
justify  the  additional  complication.  The  answer  to 
this  question  must  be  determined  experimentally. 

Assuming  that  the  use  of  BDI  or  sector  scan  indica¬ 
tor  is  considered  worthwhile,  the  following  indicator 
design  considerations  are  of  interest:  first,  the  BDI 
scope  should  be  convenient  for  the  operator  who  con¬ 
trols  training;  second,  the  type  of  BDI  should  be  ap¬ 
propriate  to  the  tactical  use  to  be  made  of  it,  in  both 
presentation  and  accuracy. 

Types  of  BDI  with  considerable  experimental 
background  to  date  include  the  HUSL  lag  line  lobe 
comparison  Types  X3  and  X4,  the  Bell  Telephone 
Laboratories  phase-actuated  locator  [PAL],  the 
CUDWR  right-left  indicator  [RLI],  and  the  HUSL 
heterodyne  BDI  system.19  The  last  three  use  varia¬ 
tions  of  the  sum-and-difference  principle.  In  addi¬ 
tion,  the  SSI,11  a  proportionally  indicating  BDI,  is 
under  development  at  NRL. 

2X5  Remote  Indicators  and  Repeaters 

Remote  plan  position  indicators  and  bearing  re¬ 
peaters  are  needed  for  three  fundamental  reasons: 
(1)  to  convey  the  same  information  to  several  persons, 
each  of  whom  is  located  in  a  different  compartment 
or  position  in  the  ship;  (2)  to  maintain  a  minimum 
equipment  weight  at  higher  positions  in  the  ship;  (3) 
to  keep  the  volume  of  equipment  small  in  such  places 
as  the  bridge,  where  the  space  is  at  a  premium. 

While  the  design  problems  of  such  remote  indica¬ 
tors  and  repeaters  are  in  most  respects  similar  to  those 
of  any  other  indicators,  there  are  some  considerations 
which  are  peculiar  to  their  design.  These  are: 

1.  Size. 

2.  Shape  for  convenient  location  and  mounting. 

3.  Controls  necessary. 

4.  Completeness  of  information  repeated. 

5.  Effect  of  repeater  on  other  electronic  parts  of 
equipment. 

Remote  plan  position  indicators  should  be  of  mini¬ 
mum  size  and  weight,  and  often  have  to  be  mounted 
in  the  bulkhead  rather  than  on  deck.  The  designer 
has  to  decide  whether  problems  of  cable  insulation 
and  so  forth,  or  .size  and  weight  considerations,  are 
the  paramount  factors  when  choosing  the  location  of 
power  supplies  and  other  associated  equipment.  The 


location  may  be  in  the  repeater  itself,  or  below  in  the 
main  cabinets  of  the  sonar  gear. 

2.2.6  Arrangement  of  Controls 

The  arrangement  of  indicators  and  controls  is  an 
important  design  consideration.  The  designer  must 
take  into  account  operator  convenience,  design  con¬ 
venience,  ease  of  maintenance,  location  on  shipboard, 
and  electronic  limitations  of  the  design.  In  locating 
the  controls  the  designer  must  consider  the  following 
factors: 

1.  The  number  of  operator  functions  must  not  be 
too  great  or  confusion  and  loss  of  accuracy  results. 

2.  Where,  by  proper  design,  a  control  can  be  elimi¬ 
nated  without  appreciable  sacrifice  in  performance 
and  maintenance,  every  effort  should  be  made  to  do 
this.  Controls  divert  attention. 

3.  When  a  control  is  needed  for  maintenance  ad¬ 
justment  reasons  only,  it  should  be  placed  under 
cover  to  prevent  confusion  and  incorrect  adjustment. 

4.  Controls  whose  adjustment  need  only  be  made 
daily  or  at  the  time  of  changing  watch  should  also  be 
placed  under  cover,  but  in  more  accessible  positions 
than  maintenance  controls. 

5.  Those  controls  and  indicators  which  must  be 
used  often  should  be  designed  for  ready  identifica¬ 
tion  and  easy  operation.  They  should  be  arranged  on 
the  front  of  the  equipment  in  positions  of  relative 
importance. 

6.  Visual  indicators  should  be  placed  to  minimize 
parallax,  distortion,  reflections,  and  eyestrain,  and  to 
permit  concentrated  observation  without  physical 
strain. 

7.  Aural  indicators  should  be  placed  to  beam  the 
sound  towards  the  operator’s  head. 

8.  Since  the  majority  of  people  are  right-handed, 
training  controls  and  hand  keys  should  be  on  the 
right  side. 

9.  Multiple  control  from  one  knob  may  have  some 
advantages.  Examples  of  this  are  seen  in  the  two- 
speed  training  controls  of  the  XQHA  gear  and  the 
control  of  gain  in  dual-channel  receivers  (brighten¬ 
ing  and  listening)  by  a  single  potentiometer.  (See 
Chapter  5.) 

The  effect  of  repeater  units  upon  the  other  parts  of 
the  electronic  equipment  must  be  considered.  The 
loading  effect  of  additional  circuits,  the  need  for 
simultaneous  but  independent  operation  of  controls, 
the  difference  in  background  conditions,  and  the  dif- 
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ference  between  components  such  as  cathode-ray 
tubes  are  all  factors  which  must  be  considered.  It  is 
probable  that  all  the  sonar  circuits  would  be  involved 
in  these  effects. 

In  locating  the  sonar  components  on  shipboard, 
consideration  should  be  given  to  the  number  and 
length  of  leads  involved  with  different  arrangements. 
Undesirable  electrostatic  and  electromagnetic  coup¬ 
ling  between  circuits  occurs  if  cables  are  not  properly 
positioned.  Electrostatic  and  magnetic  shielding  may 
have  to  be  used.  Magnetic  shielding  is  much  more  dif¬ 
ficult  in  most  cases,  and  cathode-ray  tubes  are  very 
sensitive  to  stray  magnetic  fields  from  motors,  relays, 
and  synchros.  Cables  have  appreciable  capacitance 
and  this  may  affect  pulse  shapes.  Circuit  components 
may  be  arranged  to  keep  cables  short  and  minimum 
in  number,  and  circuits  should  be  modified  to  have 
adequately  low  impedance. 

Physical  Design  Considerations 

One  of  the  problems  that  invariably  arises  in  indi¬ 
cator  design  when  cathode-ray  tubes  are  used  is  that 
of  locating  the  power  supplies  for  the  tube  itself. 
From  the  standpoint  of  independence  and  easy  main¬ 
tenance,  it  is  desirable  to  associate  all  power  with  the 
indicator.  Space  considerations,  however,  may  make 
this  location  difficult  to  arrange,  and  the  power  sup¬ 
plies  may  have  to  be  located  remotely,  perhaps  with 
those  for  the  receiving  equipment.  In  the  case  of  low- 
voltage  supplies  this  is  not  difficult,  but  the  high  volt¬ 
age  required  for  the  accelerating  electrode  of  a  mag¬ 
netic-deflection  tube  presents  a  serious  problem.  It  is 
much  better  to  locate  this  power  supply  adjacent  to 
the  cathode-ray  tube. 

Since  it  is  difficult  to  provide  voltage  stabilization 
for  the  accelerating  electrode  power  supplies  for 
cathode-ray  tubes,  it  may  be  necessary  to  design  the 
circuits  associated  with  the  cathode-ray  tube  in  such  a 
manner  that  the  indication  is  made  independent  of 
line  voltage  variations,  either  of  the  rapid  or  slow 
type.  Balanced  deflection  circuits  are  often  possible, 
and  may  give  adequate  stabilization  over  the  region 
of  the  screen  that  is  of  most  interest.  Safety  devices 
such  as  interlocks,  covers,  and  warning  signs  must  be 
used.  Since  cathode-ray  tubes  may  implode  and  cause 
serious  injury  to  the  person  observing  the  scope, 
safety  glass  should  be  used  in  the  colored  light  filter 
disk  or  the  scope  may  be  viewed  through  mirrors. 

While  it  is  desirable  to  reduce  the  number  of  con¬ 
trols,  there  are  certain  dangers  in  so  doing.  For  ex¬ 


ample,  the  on-off  power  switch  has  been  ganged  with 
the  range-selector  switch  in  some  experimental 
models.  As  a  result,  in  one  instance  the  power  was 
accidentally  turned  off  during  a  practice  run  when  an 
attempt  was  being  made  to  change  range.  Since  there 
was  a  minute  and  a  half  of  time  delay  before  the  gear 
could  be  restored  to  operation,  contact  was  lost  and 
the  run  was  a  failure. 

Adequate  provision  must  be  made  to  protect  the 
components  from  the  extreme  shock  and  vibration 
encountered  in  naval  applications.  Since  this  often 
requires  flexible  mountings  to  permit  mechanical  fil¬ 
tering,  provision  must  be  made  in  cabling  for  flexing 
of  the  wires  without  damage. 

2-3  RECEIVERS 

2,31  General  Considerations 

The  overall  consideration  in  the  design  of  receiv¬ 
ing  elements  for  sonar  systems  are:  (1)  reliability,  (2) 
stability,  (3)  ease  of  servicing,  (4)  ease  of  manufacture, 
and  (5)  ease  of  operation.  The  importance  of  the 
various  considerations  is  approximately  in  the  order 
given  above.  These  design  factors  apply  to  all  types  of 
receiving  elements  involved  in  the  sonar  system:  scan¬ 
ning  receivers,  listening  receivers,  and  BDI  receivers. 
Moreover,  each  type  of  receiver  involves  certain  fac¬ 
tors  that  vary  the  design  according  to  the  task  it  is  to 
perform. 

2'3  2  Scanning  Receivers 

The  essential  function  of  the  scanning  receiver  is 
to  receive  the  signal  from  the  transducer,  as  delivered 
via  the  commutator  and  lag  line,  and  to  amplify  and 
convert  it  to  a  d-c  signal.  This  signal  may  be  applied 
to  the  brightening  grid  of  a  PPI  scope  so  that  a  visual 
indication  of  any  target  within  the  sound  field  is  in¬ 
dicated  properly  on  the  screen.  In  the  design  of  such 
a  receiver  there  are  several  factors  to  be  considered 
and  interrelated  in  order  to  achieve  the  best  possible 
performance.  These  factors  are  discussed  individ¬ 
ually  in  order  to  simplify  the  analysis. 

It  is  evident  that  the  receiver  has  to  tune  over  a 
limited  frequency  range.  The  choice  of  this  range  is 
dependent  upon  several  factors  of  which  the  most 
important  is  the  frequency  response  of  the  trans¬ 
ducer.  Transducers  usually  have  a  limited  frequency 
response  with  the  result  that  their  efficiency  is  high 
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only  in  the  neighborhood  of  the  peak  response.  Often 
several  ships  are  operating  in  the  same  area  and  it  is 
difficult  to  avoid  interference  if  all  are  operating  on 
the  same  frequency.  It  has  been  the  practice  to  use 
transducers  with  different  resonant  frequencies  so 
that  two  searching  ships  could  operate  in  the  same 
area  by  the  use  of  different  operating  frequencies.  It 
is  quite  likely  that  this  practice  will  continue  in  the 
future,  supplemented  by  a  limited  degree  of  tuning. 

Although  the  efficiency  drops  off  rapidly  with  any 
deviation  from  the  resonant  frequency  of  the  trans¬ 
ducer,  it  is  still  possible  to  listen  at  other  frequencies, 
but  with  a  reduced  signal- to-noise  ratio.  For  instance, 
it  is  possible  to  observe  high-energy  signals,  such  as 
code  transmission  and  pinging  from  nearby  ships, 
even  though  the  frequencies  involved  are  quite  far 
from  the  center  of  the  transducer  response  character¬ 
istics.  Thus,  if  the  receiver  is  to  be  designed  for  use 
with  a  general  type  of  sonar  equipment,  it  may  be  de¬ 
sirable  to  have  a  tuning  range  large  compared  to  the 
width  of  the  transducer  resonance.  As  an  example, 
echo  ranging  is  to  be  done  only  in  the  band  from  18 
to  24  kc;  it  may  be  desirable  to  construct  a  receiver 
that  operates  from  15  to  30  kc.  The  range  of  opera¬ 
tion  for  the  scanning-type  equipment  has  extended 
from  14  to  55  kc  in  various  experimental  models. 
Current  practice  is  to  make  the  azimuth-scanning 
transducers  for  surface  ships  operate  in  the  range  of 
20  to  26  kc.  The  trend  toward  higher  frequencies  is 
dictated  by  the  physical  size  of  the  transducers,  which 
are  prohibitively  large  at  low  frequencies.  The  pres¬ 
ent  design  of  depth-scanning  transducers  calls  for  a 
resonant  frequency  of  the  order  of  38  to  40  kc. 

Tuning  should  be  accomplished  by  the  use  of  a 
single  dial,  calibrated  in  frequency  and  operated  by  a 
vernier  control  for  ease  in  selecting  any  particular 
frequency. 

Another  critical  factor  considered  by  the  designer 
is  that  of  band  width.  This  is  highly  important,  as  the 
basic  signal-to-noise  ratio  is  a  function  of  the  band 
width  of  the  receiving  element.  The  noise  energy 
present  is  directly  proportional  to  the  band  width, 
and  thus  the  narrowest  width  should  be  used  that 
adequately  passes  the  expected  signal  pulses  and  in¬ 
cludes  any  frequency  variations  that  are  a  function 
of  the  echo-ranging  system.  In  order  to  arrive  at  an 
estimate  of  the  necessary  band  width,  the  designer 
must  consider  the  beam  width  of  the  transducer  in 
the  plane  of  rotation,  the  rotation  frequency,  the  ef¬ 
fect  of  own-ship  doppler,  and  the  effect  of  target 


doppler.  In  existing  models,  ODN  has  not  been  ap¬ 
plied  to  scanning  systems,  and  hence  the  frequency 
of  the  received  reverberation  and  echo  varies  from 
the  transmitting  frequency  by  this  amount.  In  gen¬ 
eral  for  operation  from  surface  ships,  own-ship  dop¬ 
pler  is  large  compared  to  the  target  doppler.  Present 
practice  is  to  allow  for  as  much  as  30  knots  of  own- 
ship  doppler,  which  at  20  kc  amounts  to  13.8  cycles 
per  knot  of  ship  speed.  As  the  scanning  beam  looks 
both  forward  and  aft,  this  amount  of  doppler  must 
be  provided  for  in  both  a  positive  and  a  negative 
sense.  Thus  the  total  frequency  spread,  due  to  this 
factor  alone  at  20  kc,  must  be  ±30  knots  X  13.8 
cycles  per  knot,  or  828  c.  At  higher  frequencies  the 
band  width  that  must  be  allowed  because  of  this 
effect  is  proportionally  greater. 

Similarly,  allowing  for  as  much  as  10  knots  of  tar¬ 
get  doppler,  the  frequency  spread  due  to  this  factor 
at  20  kc  is  ±138  c. 

The  calculation  of  the  band  width  necessary  to 
pass  the  pulse  delivered  by  the  rotating  beam  is 
slightly  more  complicated.  In  the  case  of  azimuth 
scanning,  where  the  effective  beam  width  is  approxi¬ 
mately  20  degrees  at  10  db  down,  it  is  necessary  to 
proceed  in  the  following  manner: 

The  beam  rotates  at  a  rate  of  30  rps  in  the  present 
system,  and  only  20  degrees  of  azimuth  is  in  view  at 
any  instant.  Thus  the  band  width  necessary  to  pass 
the  pulse  delivered  by  the  beam  as  it  rotates  past  a 
360° 

source  of  sound  is  ^qo  X  30,  or  540  c.  The  total  nec¬ 
essary  band  width  is  then  the  sum  of  all  the  above 
factors,  or  approximately  1,644  c  (the  band  width  is 
specified  at  3  db  down).  This  is  given  as  a  sample  cal¬ 
culation  for  a  particular  frequency  of  operation  of  a 
specific  transducer  with  a  given  beam  width.  Any 
variation  in  the  elements  considered  must  be  ac¬ 
counted  for  in  calculating  the  band  width  for  a  par¬ 
ticular  case.  Good  practice  in  the  past  has  dictated 
the  use  of  a  band  width  slightly  larger  than  that  cal¬ 
culated  by  the  above  method  to  allow  for  errors  in 
tuning  and  oscillator  drift.  Thus,  in  aligning  the 
receiver,  it  would  probably  be  adjusted  for  a  band 
width  of  1,800  c  at  3  db  down,  rather  than  the  1,644  c 
calculated.  This  does  not  appreciably  affect  the  sig¬ 
nal-to-noise  ratio  and  passes  the  signal  pulse  more 
faithfully  than  would  be  possible  with  the  narrower 
band  pass.  An  increase  of  band  width  of  2 : 1  increases 
the  amount  of  noise  present  by  3  db. 

It  is  well  to  consider  the  factors  that  determine  the 
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noise  present  in  the  system.  In  general  these  arise 
from  two  sources;  (1)  noise  developed  in  the  elec¬ 
tronic  circuits,  and  (2)  noise  arising  external  to  the 
electronic  circuits.  In  the  first  case,  assuming  that  the 
resistors  are  of  good  quality,  the  noise  at  the  input 
grid  can  be  calculated,  knowing  the  resistance  of  the 
input  circuit  and  the  cutoff  frequencies  of  the  pass 
band. 

The  input  resistance  is  determined  by  the  lag  line 
termination  and  the  coupling  circuit,  as  seen  from 
the  input  tube  grid.  The  sources  of  noise,  external  to 
the  electronic  equipment,  arise  from  water  noise  due 
to  turbulence  about  the  transducer,  electrical  noise 
due  to  contacts  such  as  the  brush-to-slip-ring  contact 
on  the  commutator,  and  electrical  noise  picked  up 
from  external  fields.  The  latter  can  be  minimized  by 
the  use  of  well-shielded  low-impedance  lines  bal¬ 
anced  to  ground,  and  by  minimizing  the  external 
fields  of  associated  noise-generating  equipment,  such 
as  motors.  The  water  noise  coming  from  the  trans¬ 
ducer  is  a  basic  limitation  which  can  be  minimized  by 
proper  dome  construction,  but  cannot  be  eliminated. 
In  addition  to  the  water  noise  due  to  the  motion  of 
own  ship  through  the  water,  there  are  other  extra¬ 
neous  noises  which  may  be  received  from  the  water 
because  of  sources  of  sound  other  than  the  target 
under  observation.  At  best,  in  a  quiet  location,  with 
transducers  of  the  usual  efficiencies,  overall  noise 
levels  of  the  order  of  1  microvolt  are  to  be  expected 
at  the  receiver  input  grid. 

After  deciding  upon  the  tuning  range  and  band 
width,  the  next  question  is  how  much  gain  is  needed 
in  the  receiver.  In  this  case  there  are  two  boundary 
conditions  to  satisfy:  signal  level  available  from  the 
transducer  and  the  signal  level  necessary  to  operate 
the  indicating  element.  Echo-ranging  experience  has 
indicated  that  it  is  always  necessary  to  provide  a  re¬ 
ceiver  that  delivers  maximum  indication  for  signal 
levels  from  1  microvolt  to  approximately  10,000  mi¬ 
crovolts,  or  for  a  dynamic  range  of  approximately 
80  db. 

Measurements  upon  the  7BP7  long-persistence 
cathode-ray  tubes  indicate  that,  for  accelerating  volt¬ 
age  of  6,000  volts  or  greater,  the  onset  of  brightening 
occurs  at  approximately  +2  volts  applied  to  the 
brightening  grid  (with  respect  to  ground),  and  that 
the  limit  of  brightening  occurs  at  approximately 
60  volts  on  the  brightening  grid.  For  lower  accelerat¬ 
ing  voltages,  the  upper  limit  is  considerably  lower 
and  is  determined  not  by  a  cessation  of  brightening 


with  increasing  grid  voltage,  but  by  defocusing  of  the 
beam.  It  is  seen  that  the  largest  brightening  dynamic 
range  available  with  the  present  cathode-ray  tubes  is 
approximately  30  db.  These  figures  apply  for  writing 
speeds  encountered  in  30-rps  scanning  sonars. 

It  is  necessary,  then,  to  provide  sufficient  gain  so 
that  a  1-microvolt  signal  on  the  grid  of  the  first 
amplifier  produces  a  d-c  potential  of  approximately 
60  volts  on  the  brightening  grid  of  the  cathode-ray 
tube.  Computing  the  gain,  then,  on  the  basis  of  volt¬ 
age  ratios  alone,  without  regard  to  the  impedances  of 
the  input  grid  and  output  circuits,  a  figure  of  ap¬ 
proximately  156  db  is  calculated  for  the  gain  re¬ 
quired.  This  is  a  fairly  generous  figure,  and  practice 
has  indicated  that  the  usual  operating  position  of  the 
gain  control  is  such  that  only  about  100  to  120  db  of 
gain  is  in  use. 

As  mentioned  above,  the  necessity  for  providing 
operation  over  an  80-db  dynamic  range  poses  a  rather 
severe  problem  for  the  designer.  In  listening  systems 
this  problem  has  been  solved  in  the  past  by  the  use  of 
limiters  or  automatic  volume  control  [AVC],  or  such 
other  schemes  as  time-varied,  gain  [TVG]20  and  re¬ 
verberation  controlled  gain  [RCG].21  In  general, 
limiters  are  not  considered  desirable,  as  they  tend  to 
decrease  the  signal-to-noise  ratio.  Simple  AVC  like¬ 
wise  has  the  disadvantage  of  attenuating  the  echo 
signals  following  a  strong  burst  of  reverberation.  The 
best  methods  devised  thus  far  have  been  the  use  of 
TVG,  and  more  recently,  RCG.  The  latter  is  similar 
to  a  one-way  AVC  system  in  which  the  gain  is  allowed 
to  increase  with  time  after  the  ping,  but  never  to  de¬ 
crease  and  has  generally  been  found  to  be  the  most 
satisfactory  method.  It  allows  a  maximum  rate  of  re¬ 
covery  of  gain  after  the  ping,  determined  automati¬ 
cally  by  the  amount  of  reverberation  present. 

The  designer  must  select  the  proper  time  constant 
for  the  RCG  circuit.  It  is  evident  that  it  must  be 
longer  than  the  33  milliseconds  required  for  one  ro¬ 
tation  of  the  beam,  since  otherwise  the  gain  would  in¬ 
crease  too  rapidly  while  the  beam  is  passing  through 
regions  which  are  not  returning  large  amounts  of 
sound.  This  is  particularly  true  for  the  depth-scan¬ 
ning  system,  for  which  the  design  differs  to  some  ex¬ 
tent  from  that  for  an  azimuth-scanning  system.  The 
time  constant,  however,  must  not  be  too  long,  or  the 
advantages  of  RCG  as  opposed  to  TVG  are  lost.  It 
has  been  the  practice  to  keep  this  time  constant  some¬ 
what  less  than  50  milliseconds,  and  it  would  seem 
that  its  exact  value  is  not  critical.  In  listening  systems 
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the  time  constant  has  been  made  as  low  as  10  milli¬ 
seconds. 

2-3-3  Listening  Receivers 

In  designing  a  listening  channel  for  a  sonar  system 
it  is  necessary  to  consider  all  the  factors  mentioned 
under  scanning  receivers  discussed  in  the  foregoing 
section.  The  requirements  for  the  listening  channel 
are  somewhat  different,  however,  so  that  it  is  neces¬ 
sary  to  consider  its  design  separately. 

In  general,  the  same  considerations  with  respect  to 
tuning  apply  to  the  listening  receiver  as  to  the  scan¬ 
ning  receiver,  and  for  a  given  system  it  is  desirable  to 
have  both  receivers  cover  the  same  tuning  range.  The 
pass  band  of  the  listening  receiver,  however,  can  in 
most  instances  be  somewhat  narrower  than  that  of 
the  scanning  receiver.  This  improvement  in  selectiv¬ 
ity  can  be  made  because  the  listening  receiver  listens 
in  only  one  direction  at  a  time  and  hence  hears  an 
echo  pulse  which  approximates  the  whole  length  of 
the  transmitted  pulse.  Thus,  the  actual  echo  pulse 
from  a  beam  target  as  received  by  the  20-degree  beam 

OA° 

rotating  at  30  rps  is  approximately  X  33  milli¬ 
seconds  =  1.9  milliseconds,  whereas  the  listening 
beam  trained  in  the  direction  of  the  target  would 
hear  the  entire  33-millisecond  pulse  returning.  Thus, 
in  calculating  the  necessary  band  width  for  a  listen¬ 
ing  receiver  to  be  used  with  the  scanning  system  hav¬ 
ing  the  characteristics  described  above,  allowance 
would  have  to  be  made  for  target  doppler,  own 
doppler,  and  pulse  length.  This  would  give,  as  before, 
10  knots  X  13.8  cycles  per  knot  =  ±138  c  allowed  for 
target  doppler,  plus  1/0.033  —  30  c  allowed  for  pulse 
length  plus  828  c  for  own  doppler.  The  total  band 
width  required  is  thus  1,134  c.  If  an  ODN  is  applied 
to  the  listening  receiver,  this  band  width  may  be  re¬ 
duced  to  306  c.  In  general,  since  it  cannot  be  assumed 
that  the  ODN  functions  perfectly,  or  that  the  oscilla¬ 
tors  involved  do  not  drift,  additional  band  width  is 
usually  allowed.  The  effect  of  this  upon  signal-to- 
noise  ratio  is  not  so  unfavorable  as  might  be  expected, 
since  the  ear  can  discriminate  between  simultaneous 
sounds  if  they  differ  in  character.  Consequently  over 
a  wide  dynamic  range,  the  ear  is  able  to  detect  an 
echo  in  the  presence  of  considerable  extraneous  noise. 
This  discrimination  is  completely  lacking  on  the 
screen  of  the  cathode-ray  tube.  Thus  it  is  possible  to 
allow  greater  band  width  in  listening  receivers  than 


would  be  indicated  by  the  simple  computation  per¬ 
formed  above.  This  selectivity  is  frequently  accom¬ 
plished  by  the  use  of  an  audio  filter  in  addition  to 
the  usual  r-f  and  i-f  filters,  so  that  it  is  not  necessary 
to  make  the  high-frequency  pass  band  of  the  receiver 
as  narrow  as  500  cycles.  However,  intermodulation 
in  portions  of  the  receiver  preceding  the  final  band- 
width-determining  filter  must  be  avoided. 

The  amount  of  gain  necessary  in  the  listening  re¬ 
ceiver  can  be  approximated  from  considerations  simi¬ 
lar  to  those  given  in  the  scanning  receiver  discussion. 
Assuming  a  plate  load  of  approximately  5,000  ohms, 
it  is  necessary,  then,  to  produce  approximately  100 
volts  rms  in  the  plate  circuit  of  the  output  amplifier 
stage,  to  realize  the  desirable  output  power  level  of 
approximately  2  watts  to  the  speaker  unit.  It  is  evi¬ 
dent  that  the  same  considerations  with  respect  to 
dynamic  range  apply  to  the  listening  receiver  as  to 
the  scanning  receiver.  There  is  an  optimum  dynamic 
range  in  which  it  is  desirable  to  work,  but  the  re¬ 
ceived  signals  pass  through  the  much  larger  dynamic 
range  of  approximately  80  db  as  the  returning  sound 
energy  dies  off  after  the  ping.  As  a  consequence,  some 
system  must  be  devised  to  lower  the  gain  automati¬ 
cally  at  the  time  of  the  ping  and  to  bring  up  the  gain 
in  some  feasible  manner  as  a  function  of  time  after 
the  ping.  In  this  respect,  too,  AVC  has  always  been 
considered  unsatisfactory.  TVG  is  satisfactory  but 
does  not  allow  for  the  most  effective  use  of  gain  con¬ 
trol.  That  is,  since  the  TVG  is  present  without  respect 
to  the  sound  conditions  existing  at  the  moment,  the 
gain  returns  in  a  definite  manner  determined  by  the 
time  constants  of  the  TVG  circuit.  Whenever  the  re¬ 
verberation  is  small,  echoes  are  at  a  disadvantage.  The 
best  solution  has  been  the  use  of  RCG,  which  makes 
it  possible  to  use  the  maximum  possible  amount  of 
gain  at  any  given  instant.  Most  recent  practice  has 
been  to  substitute  for  an  actual  gain  control  one 
which  essentially  sets  the  maximum  amount  of  gain 
to  which  the  RCG  can  return,  so  that  the  initial  gain 
and  the  rate  of  recovery  after  the  ping  are  indepen¬ 
dent  of  the  control  setting.  RCG  is  designed  to  pro¬ 
vide  an  audio  signal  which  is  within  the  comfortable 
dynamic  range  of  the  ear. 

In  a  listening  receiver  it  is  necessary  to  provide  a 
heterodyne  oscillator  in  order  to  obtain  an  audio 
beat  frequency.  This  oscillator  must  be  stable  and 
should  have  a  dial  accurately  calibrated  in  cycles  per 
second  (audio  beat  frequency)  to  make  operation  as 
easy  as  possible.  This  permits  a  simple  tuning  proce- 
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dure  enabling  the  operator  to  tune  to  zero  beat  with 
the  heterodyne  oscillator  set  at  zero,  and  hence  center 
the  incoming  signal  in  the  pass  band  of  the  receiver. 
The  calibration  on  the  heterodyne  oscillator  dial  also 
aids  operators  in  centering  the  pitch  of  the  audible 
beat  in  the  middle  of  the  audio  filter. 

Standard  echo-ranging  equipment  has  usually  been 
provided  with  three  types  of  audio  filter  selectivity; 
namely,  peak,  band,  and  flat.  This  additional  com¬ 
plexity  of  control  has  not  been  entirely  successful, 
and  the  present  tendency  is  to  provide  only  a  rather 
broad  band  pass.  The  associated  audio  filter  should 
have  a  band  pass  characteristic  from  200  to  800  c  for 
a  center  beat  frequency  of  500  c.  It  is  still  desirable  to 
provide  a  switch  whereby  the  filter  can  be  eliminated 
and  the  system  operated  with  a  flat  audio  character¬ 
istic. 

234  BDI  Receiver 

In  addition  to  the  scanning  receiver  and  listening 
receiver  included  in  a  sonar  system  it  may  be  desir¬ 
able  to  have  a  BDI  receiver.  The  main  problems  in¬ 
volved  in  designing  a  circuit  to  give  bearing  devia¬ 
tion  indication  are  determining  (1)  where  the  phase 
information  is  changed  to  amplitude  information; 
(2)  where  the  two  amplitude  signals  are  compared  to 
give  a  right-left  deflection  signal  for  presentation  on 
the  cathode-ray  tube;  and  (S)  how  the  circuits  are  ar¬ 
ranged  so  that  the  two  signals  may  be  amplified  while 
preserving  the  relationship  between  the  signals.  This 
last  problem  is  exceedingly  important  and  the  differ¬ 
ent  BDI  circuits  (noted  earlier  in  the  chapter)  repre¬ 
sent  alternative  attempts  at  a  practical  solution.  In 
general,  it  is  desirable  to  make  the  final  comparison 
at  high  level  in  order  to  obtain  a  deflection  signal  for 
the  BDI  tube.  This  eliminates  the  need  of  high-gain 
d-c  amplifiers.  As  a  consequence,  it  is  always  neces¬ 
sary  to  build  amplifiers  that  preserve  relative  ampli¬ 
tude  between  the  signals  and,  in  some  cases,  the  rela¬ 
tive  phase  between  the  two  signals  as  well.  The  pre¬ 
cise  circuit  arrangements  of  the  various  types  of  BDI 
are  described  in  detail  elsewhere.22 

The  X-3  type  circuit  gives  excellent  performance 
in  practice  but  has  been  found  difficult  to  manufac¬ 
ture  because  it  is  necessary  to  match  accurately  the 
band-pass  characteristics  of  two  filters  with  different 
center  frequencies.  It  has  proved  difficult  to  main¬ 
tain  in  service  for  the  same  reason.  It  has  the  advan¬ 
tage,  however,  of  being  a  truly  simultaneous  compari¬ 
son  circuit. 


Unlike  Model  X-3,  the  X-4  circuit  does  not  per¬ 
form  simultaneous  comparison  but  rather  compares 
the  signal  arriving  in  the  two  steered  channels  at  suc¬ 
ceeding  intervals  of  time.  Although  this  system  is  not 
disadvantageous  for  echo  ranging,  it  is  less  effective 
for  accurate  determination  of  the  bearing  of  noise 
sources,  whereas  the  X-3  is  satisfactory  for  both  noise 
and  continuous  signals.  The  erratic  response  of  X-4 
to  noise  is  caused  by  the  random  nature  of  the  noise 
itself.  However,  it  has  proved  easy  to  manufacture 
and  comparatively  reliable  in  service  and  can  be  rec¬ 
ommended  for  all  uses  where  operation  on  noise 
signals  is  not  important. 

The  sum-and-difference  BDI  principle  has  been  ap¬ 
plied  to  practical  sonar  by  CUDWR  in  the  RLI  re¬ 
ceiver.  This  system,  by  means  of  transformers,  com¬ 
bines  the  signals  from  the  two  halves  of  the  projector 
in  such  a  way  that  two  voltages  result.  One  voltage  is 
the  vector  sum  of  the  voltages  of  the  two  halves  of  the 
projector,  while  the  other  is  the  vector  difference. 
The  difference  voltage  changes  sign  in  accordance 
with  the  direction  of  deviation  of  the  target  bearing 
from  the  center  line  of  the  projector.  The  sum-and- 
difference  voltages,  as  can  be  seen  geometrically,  are 
mutually  perpendicular.  It  is  necessary  to  bring  them 
into  phase  so  that  they  may  be  applied  to  a  phase- 
sensitive  detector  to  obtain  d-c  deflection  signals  for 
the  cathode-ray  tube  and  indicate  the  bearing  devia¬ 
tion.  In  the  usual  sum-and-difference  circuit,  this 
phase  shift  is  accomplished  somewhere  near  the  in¬ 
put.  Thus  far  all  sum-and-difference  BDI’S  have  used 
two  separate  amplifiers,  one  for  the  sum  signal  and 
the  other  for  the  difference  signal;  these  amplifiers 
must  preserve  both  relative  phase  and  relative  ampli¬ 
tude.  Phase  must  be  preserved  to  within  1.5  degrees, 
and  amplitude  must  not  vary  over  2  db  if  acceptable 
BDI  operation  is  to  be  obtained. 

This  system  gives  excellent  performance  but  is 
somewhat  difficult  to  construct  because  of  the  limita¬ 
tions  imposed  by  the  necessity  of  preserving  both 
phase  and  amplitude  in  the  two  amplifiers.  This  is 
particularly  true  since  it  is  necessary  to  make  the  am¬ 
plifiers  track  over  a  wide  dynamic  range  in  both 
phase  and  amplitude.  The  version  built  by  the  New 
London  Laboratory  for  broad-band  noise  operation 
has  worked  satisfactorily.  The  Harvard  version,  al¬ 
though  cumbersome  in  its  use  of  a  large  number  of 
transformers,  also  worked  well.  By  using  broad  input 
filters  or  by  eliminating  them  entirely,  the  sum-and- 
difference  BDI  can  be  made  tunable  like  the  X-4. 
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The  PAL  circuit  developed  by  Bell  Telephone 
Laboratories  is  slightly  different  from  the  sum-and- 
difference  types  mentioned  above  since  the  signals 
from  the  two  halves  of  the  projector  are  first  sepa¬ 
rately  amplified,  then  the  sum-and-difference  voltages 
are  obtained  and  applied  to  a  phase  detector.  This 
circuit  was  likewise  developed  for  fairly  broad-band 
noise  listening  and  it  has  been  successful  for  that 
purpose.  The  sector  scan  indicator  now  under  devel¬ 
opment  by  NRL  has  not  been  used  yet  to  any  extent 
in  the  field.  Its  circuits  are  designed  so  that  the  am¬ 
plitude  of  the  indications  is  proportional  only  to  the 
bearing  deviation  of  the  target,  and  is  independent  of 
signal  level  if  the  level  is  great  enough  to  produce  an 
indication.  Proportional  indication  is  produced  over 
a  limited  sector  within  the  projector  pattern. 

In  choosing  the  type  of  BDI  to  be  incorporated  in  a 
given  sonar  echo-ranging  system,  it  is  necessary  first 
to  decide  just  what  types  of  operation  the  system  is 
called  upon  to  perform.  This  factor  determines 
whether  the  relatively  simple  X-4  circuit  can  be  used 
or  whether  it  is  necessary  to  use  one  of  the  other  sys¬ 
tems.  Whenever  operation  upon  noise  signals  is  of 
minor  importance,  the  X-4  is  probably  the  best 
choice.  However,  when  it  is  necessary  for  the  system 
to  operate  satisfactorily  with  noise  signals,  one  of  the 
other  circuits  should  be  used.  One  advantage  of  the 
sum-and-difference  type  is  that  the  sum  channel  can 
also  serve  as  the  main  portion  of  the  listening  receiver. 

Once  the  particular  circuit  has  been  chosen,  how¬ 
ever,  the  general  design  considerations  are  very  simi¬ 
lar  to  those  previously  discussed  in  the  sections  cover¬ 
ing  scanning  and  listening  receivers.  It  is  necessary 
that  the  BDI  tune  over  the  same  range  of  frequencies 
as  the  listening  receiver  since  in  operation  they  are 
always  used  together.  The  same  requirements  of 
band  width,  dynamic  range,  and  doppler  allowance 
apply  to  the  BDI  receiver  as  were  described  under  the 
section  on  listening  receivers. 

To  improve  the  dynamic  range  it  is  necessary  to  in¬ 
clude  TVG  or  RCG  as  in  the  other  receiving  circuits. 
Again  it  has  been  found,  in  general,  that  RCG  is  the 
most  satisfactory.  TVG  greatly  improves  the  opera¬ 
tion  of  the  BDI  but  does  not  allow  the  receiver  to 
adapt  itself  automatically  to  various  acoustical  condi¬ 
tions.  As  a  consequence  it  must  be  manually  adjusted 
to  a  compromise  operating  characteristic. 

A  d-c  brightening  voltage  must  be  provided  in 
order  to  brighten  the  spot  on  the  cathode-ray  tube 
screen  as  a  function  of  received  signal  level.  It  is 


usually  desirable  to  limit  the  brightening  voltage,  as 
in  the  case  of  the  scanning  receiver.  Again,  in  systems 
using  high  accelerating  potentials  on  the  cathode-ray 
tube  (6,000  volts  or  higher),  the  use  of  a  limiter  is 
unnecessary. 

2-4  TRANSMITTERS 

To  obtain  the  best  possible  ratio  of  signal  to  noise, 
both  electrical  and  acoustic,  the  transmitter  should 
produce  a  maximum  of  power  consistent  with  the 
power-handling  capabilities  of  the  transducer  and  its 
associated  components,  and  at  the  same  time  fulfill 
the  following  requirements  for  a  well-balanced 
design: 

1.  Low  average  consumption  of  power. 

2.  Steadiness  of  power  consumption. 

3.  Light  weight  (consistent  with  design  of  other 
units  of  system). 

4.  Small  size. 

5.  Reliability. 

6.  Ease  of  servicing. 

7.  Good  performance. 

8.  Safety. 

9.  Reasonable  cost. 

10.  Conservatively  rated  components. 

Since  these  ideal  characteristics  are  to  some  extent 
mutually  incompatible,  the  final  design  requires  a 
careful  balance,  emphasizing  those  factors  of  major 
importance  and  sacrificing  those  considered  to  be  less 
important.  Furthermore,  the  technical  specifications 
set  forth  by  the  Navy  have  to  be  met.23 

The  types  of  scanning  systems  described  in  this  re¬ 
port  send  out  a  discrete  sound  pulse  whose  length  is 
dependent  upon  the  scanning  speed  (see  first  section 
of  this  chapter  for  a  discussion  of  pulse  length  re¬ 
quirements). 

The  shape  of  the  transmitted  pulse  is  usually  rec- 


Figure  4.  Square  and  and  rounded  short  pulses. 
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Figure  5.  Poor  pulse  shape  showing  undesirable  tran¬ 
sients  at  beginning  and  end  of  pulse. 

tangular.  There  is  good  indication  that  the  detecta¬ 
bility  of  short  square  pulses  is  appreciably  greater 
than  that  of  pulses  with  rounded  corners  (see  Figure 
4)  and  consequent  lower  harmonic  development;2^ 
thus,  on  short  pulse  equipment,  every  effort  should 
be  made  to  assure  a  suitable  envelope  shape  for  the 
transmitted  energy. 

In  equipment  employing  longer  pulses  (of  the 
order  of  30  milliseconds)  when  it  is  not  the  intention 
to  prevent  interception  of  the  ping  by  enemy  listen¬ 
ing  equipment,  the  actual  shape  of  the  pulse  is  of  less 
importance.  In  any  case,  precautions  must  be  taken 
to  prevent  transients  (Figure  5)  at  the  beginning  and 
end  of  the  pulse,  since  dielectric  breakdown  in  the 
transducer,  or  in  the  cables  and  electric  networks 
connected  to  it,  may  result  from  high-voltage  peaks  of 
short  duration. 

Some  variation  is  permissible  in  the  amplitude  of 
the  transmitted  pulse;  in  fact,  amplitude  modulation 
has  been  employed  in  some  experimental  installa¬ 
tions.  It  is  generally  considered  unwise  to  permit  a 
too  abrupt  variation  in  pulse  amplitude,  however, 
since  it  is  possible  to  introduce  bearing  errors  if  the 
received  echo  envelope  has  an  appreciable  slope  at 
the  point  cut  by  the  receiving  sensitivity  beam  (see 
first  section  of  this  chapter). 

To  avoid  placing  excessive  current  drain  on  the 
ship’s  power  supply  at  periodic  intervals  and  at  the 
same  time  to  effect  a  saving  in  component  size  and 
weight,  it  is  desirable  to  use  an  energy-storage  type  of 
supply  for  the  plate  power  of  output  tubes  and  other 
pulse  equipment.  The  power  may  be  stored  up  be¬ 
tween  pings  at  a  comparatively  low  rate  of  power 
consumption,  to  be  discharged  periodically  into  the 
driver-amplifier  stages  during  the  ping.  Since  the  rate 
of  transmission  of  sound  through  water  is  so  slow  that 
an  appreciable  time  interval  must  elapse  between 
pings  at  the  ranges  usually  employed,  the  efficiency  of 
power  supply  utilization  is  obviously  greatly  in¬ 
creased.  Weight  and  bulk,  although  items  not  so 


significant  as  the  improvement  in  electrical  consump¬ 
tion,  are  greatly  reduced.  When  it  is  considered  that 
an  ordinary  continuous-duty  power  supply  for  a 
10-kw  transmitter  would  draw  100  amperes  in  pulses 
from  a  110-volt  line  and  would  consist  of  very  large 
transmitters  and  chokes,  while  a  storage  type  of 
power  supply  would  draw  only  0.7  ampere  continu¬ 
ously  and  require  transmitters  and  chokes  rated  at 
less  than  100  watts,  the  reduction  in  size  and  the  in¬ 
crease  in  efficiency  is  apparent.  These  figures  depend 
upon  a  duty  cycle  of  1  to  150  which  would  be  the  case 
for  a  transmitter  producing  1  /30-second  pulses  every 
5  seconds.  The  increased  amount  of  storage  capacitor 
required,  however,  cancels  in  part  the  reduction 
effected  in  size  of  transformer  and  choke.  The  ad¬ 
vantages  of  energy  storage  are  less  important  in 
longer-pulse  systems. 

There  are  two  principal  types  of  energy-storage 
systems  that  may  be  used  in  scanning-sonar  transmit¬ 
ter  applications:  (1)  straight  capacitor  storage  and  (2) 
transmission  lines,  or  pulse  lines,  of  one  form  or  an¬ 
other.  Circuits  showing  possible  designs  appear  in 
Figures  6,  7,  and  8. 

In  any  of  these  circuits  the  impedance  into  which 
the  supply  transformer  delivers  its  power  must  be 
large  in  order  to  limit  the  primary  current  drain  to 
some  suitable  figure.  Such  a  high  impedance  may  be 
obtained  by  inserting  a  resistor  in  the  storage  charg¬ 
ing  network  (Figure  6)  or  by  using  a  voltage-doubling 


Figure  6.  Half-wave  rectifier  with  limiting  resistor. 
Storage  capacitors  with  choke. 
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Figure  7.  Voltage-doubling  rectifier.  Storage  capacitor 
without  choke. 


circuit,  such  as  that  in  Figure  7,  in  which  a  large  im¬ 
pedance  is  offered  by  the  charging  capacitor.  This 
second  method  is  more  efficient,  since  a  minimum  of 
power  is  dissipated  in  the  capacitor. 

Two  proposed  types  of  pulse  line  are  seen  in  Fig¬ 
ures  6  and  8.  (The  line  in  Figure  6  may  be  called  a 
pulse  line  by  courtesy  only,  as  it  consists  of -only  one 
section  of  an  unterminated  line.)  In  operation,  the 
vacuum  tube  load  is  placed  across  the  points  A  and  B. 
Keying  the  grid  circuit  of  the  tube  (normally  biased 
to  cutoff)  immediately  places  a  low  impedance  across 
AB.  If  the  reactor  choke  L  were  to  be  shorted  out  of 


CHARGING 


the  circuit  thus  reducing  the  storage  section  to  a 
single  condenser,  as  shown  in  Figure  7,  the  voltage 
would  drop  in  a  normal  exponential  curve  deter¬ 
mined  by  the  values  of  the  capacitors  C1  and  C2  and 
the  load  across  AB  (9A). 

When  the  reactor  choke  is  in  the  circuit,  the  volt¬ 
age  across  AB,  as  condenser  Cl  discharges,  falls  some¬ 
what  faster  than  shown  in  Figure  9A;  but  this  dis¬ 
turbance,  reflected  from  the  unterminated  end  of  the 
filter,  causes  the  voltage  to  rise  again  and  decay  as 
shown  in  Figure  9B.  The  values  of  L  and  C  are 
chosen  so  that  the  point  F  on  the  curve  of  Figure  9B 
is  reached  coincidentally  with  the  end  of  the  pulse, 
resulting  in  the  pulse  envelope  shown.  Somewhat 
more  energy  is  obtained  in  the  pulse  of  Figure  9B 
than  in  that  of  Figure  9A,  while  the  initial  rate  of 
drop  in  voltage  is  larger  than  in  the  first  case.  The 
results  given  by  this  circuit  are  crude  compared  to 
those  that  may  be  obtained  from  a  pulse  line  with 
only  one  additional  section  (Figure  8);  however,  the 
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Figure  9.  Pulse  envelopes. 
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voltage  of  the  pulse  is  the  voltage  to  which  the  ca¬ 
pacitors  are  charged. 

The  pulse  line  illustrated  in  Figure  8  is  a  relatively 
simple  form  of  transmission  line25  which  stores  in  its 
shunt  capacitors  the  energy  supplied  to  it  until  the 
line  is  terminated  through  a  thyratron  into  the  load. 
The  type  of  pulse  obtained,  which  may  be  shaped 
(within  limits)  to  suit  the  requirements  of  the  indi¬ 
vidual  application,  is  shown  in  Figure  10.  The  fact 
that  such  a  line  must  be  initially  charged  to  twice  the 
voltage  obtained  from  it  on  discharge  may  be  a  dis¬ 
advantage  in  some  cases.  Power  is  drawn  from  the 
line  by  keying  the  plate  voltage  through  the  thyra¬ 
tron,  thus  removing  strain  on  insulation  except  dur¬ 
ing  pings,  minimizing  the  danger  of  breakdown  and 
increasing  the  life  of  the  tube. 

Most  systems  are  improved  by  the  inclusion  of 
some  means  of  controlling  the  output  power  of  the 
transmitter.  One  of  the  simplest  and  most  effective 
methods  makes  use  of  a  variable  auto-transformer  in 
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Figure  11.  Example  of  unicontrol  system. 


the  primary  of  the  plate-supply  transformer,  allow¬ 
ing  the  plate  voltage  to  be  changed  at  will. 

Other  supplies— bias,  low-power  or  low-voltage 
plate  supplies,  and  the  like— may  be  designed  along 
conventional  lines  and  in  accordance  with  the  par¬ 
ticular  requirements  of  the  system.  If  a  pulse  line 
with  pulse  transformer  is  used,  taps  for  bias  and  low 
plate  voltages  may  be  provided,  with  a  consequent 
reduction  in  the  number  of  necessary  components. 

In  the  so-called  unicontrol  system,  a  fixed  fre¬ 
quency  oscillator  is  incorporated  in  the  transmitter 
unit.  The  output  of  this  oscillator  is  then  hetero¬ 
dyned  with  a  signal  supplied  by  another  oscillator, 
usually  located  in  the  receiver  unit  of  the  system. 
The  difference  frequency  (other  frequencies  being 
removed  by  a  band-pass  filter)  is  then  used  as  the 
frequency  of  transmission.  This  unicontrol  arrange¬ 
ment  allows  the  transmitter-output  frequency  to  be 
remotely  controlled  and  also  allows  the  entire  scan¬ 
ning  system  to  be  tuned  by  one  control.  The  diagram 
shown  in  Figure  11  illustrates  a  typical  choice  of  fre¬ 
quencies  and  unit  interconnections. 

Systems  have  been  built  in  which  the  transmitter- 
oscillator  is  required  to  sweep  over  a  band  of  frequen¬ 
cies  during  the  ping  or  to  produce  a  noise-modulated 
signal.  The  frequency  sweep  may  be  produced  by  a 
reactance  tube  circuit  if  means  are  provided  for 
varying  the  reactance-tube  control-grid  voltage  in 
an  appropriate  manner  during  the  ping.  A  gas  tube 
noise-generator  can  be  used  to  produce  suitable  noise 
frequencies  for  frequency  or  amplitude  modulation 
of  the  transmitted  signal. 

In  systems  where  one  transducer  is  used  for  both 
transmission  and  reception,  care  must  be  exercised 
to  prevent  the  transmitter  from  feeding  over  into  the 
low-level  receiving  circuits.  The  most  obvious  solu¬ 
tion  is  to  operate  the  transmitter  unit  only  during 
transmission,  either  by  quenching  it  with  a  biasing 
voltage  or  by  keying  the  plate  voltage  of  either  one 
or  several  of  the  transmitter  stages.  Both  of  these 
methods  are  practical.  In  unicontrol  systems,  one  of 
the  transmitter  stages  may  be  biased  to  cutoff  during 
reception,  which  is  usually  sufficient  to  prevent  feed- 
over  through  common  ground  circuits  and  other 
wiring. 

Stability  of  output  frequency  should  be  achieved 
by  voltage  regulation,  temperature  compensation  of 
capacitors,28  stable  mounting  of  coils,  capacitors, 
and  wiring,  or  other  appropriate  means.  This  is  not 
a  serious  problem  at  the  relatively  low  frequencies 
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used  in  underwater  sound  transmission  or  with  trans¬ 
ducers  and  receivers  having  reasonably  wide  band¬ 
pass  characteristics. 

The  initiation  of  transmitter  operation  is  closely 
related  to  the  timing  of  other  circuit  functions  in  the 
system.  Without  regard  for  the  specific  means  of 
initiating  the  operation  of  the  transmitter,  the  actual 
keying  involves  some  form  of  timing  circuit  in  the 
transmitter,  by  means  of  relay  or  electronic  circuits. 
Relay  contacts  are  difficult  to  adjust,  are  apt  to 
bounce,  and  are  not  easily  adapted  for  the  control  of 
pulse  length  while  in  operation.  For  these  reasons 
electronic  circuits  of  the  "flip-flop”  or  modified 
multivibrator  type  are  to  be  preferred.  Keying  should 
be  performed  in  the  relatively  low-level  circuits  to 
avoid  switching  any  large  amount  of  power.  If  class 
C  amplifiers  are  used  in  the  final  stages  of  the  trans¬ 
mitter,  a  suitable  pulse  of  energy  applied  to  the 
normally  overbiased  grid  operates  the  tube  without 
changing  the  d-c  grid-bias  voltages.  When  pulse  lines 
are  used  for  plate  power  supply,  the  keying  pulse  is 
applied  to  the  thyratron  that  terminates  the  line 
into  the  load  impedance,  and  the  pulse  length  is  de¬ 
termined  by  the  characteristics  of  the  line. 

The  power  amplifier  portion  of  the  transmitter 
commonly  employs  class  C  amplifier  stages  for  maxi¬ 
mum  efficiency.  If  the  transmitter  is  required  to  pro¬ 
duce  power  over  a  fairly  wide  range  of  frequencies, 
low-Q  broadly  tuned  transformers  (with  conse¬ 
quently  lower  efficiencies)  are  required.  If  single-fre¬ 
quency  transmission  is  employed,  high-Q.  tuned 
circuits  allow  the  maximum  class  C  efficiency  to  be 
achieved. 

The  requirement  of  high  power  for  short  periods 
has  an  important  bearing  upon  the  type  of  output 
power  tubes  chosen  and  on  the  method  of  rating 
them.  Pulse  modulator  tubes  originally  designed  for 
radar  work  are  particularly  useful,  combining  high 
cathode  emission  and  small  size  (low  plate  dissipa¬ 
tion).  Since  the  plate  dissipation  can  be  averaged  out, 
much  in  the  same  manner  as  the  power  consumed  by 
the  plate  supply,  the  peak  cathode  emission  and  in¬ 
ternal  arc-over  characteristics  are  often  the  limiting 
factors  in  the  choice  of  tubes.  Tubes  that  have  been 
found  useful  are  listed  in  Table  1. 

Before  provision  for  code  transmission  for  under¬ 
water  communication  can  be  made,  the  energy  stor¬ 
age  characteristics  of  the  power  supply  and  the 
pulse-rate  output  tubes  must  be  considered.  Equip¬ 
ment  designed  to  put  out  a  5-kw  pulse  30  milliseconds 


long,  every  second,  would  scarcely  emit  a  single  dash, 
or  even  a  dot,  before  the  power  supply  was  dis¬ 
charged.  This  difficulty  can  be  overcome  if  the  code 
circuit  is  arranged  to  send  short  pulses  of  energy 
instead  of  relatively  continuous  pulses:  a  simple 
artifice  is  to  modulate  the  transmitter-oscillator  with 


Table  1.  Types  of  Tubes  Suitable  for  Use  in  Power 
Output  Stages. 


Tube  number 

Type 

Max  plate 
voltage 

Max 

cathode  emission 

838 

triode 

1250v  * 
3000v f 

_ 

2C26A 

triode 

3500v  * 

15a 

304TH 

triode 

2000v * 
3000v f 

10a 

6C21 

triode 

30,000v  * 

15a 

829B 

beam 

tetrode 

500v  * 

250  ma* 

3E29 

beam 

tetrode 

5000v  * 

9a 

715B 

tetrode 

15,000v  * 

15a 

5D21 

tetrode 

15,000v  * 

15a 

*  Published  values, 
t  Values  used  satisfactorily. 


60-  or  120-cycle  energy  during  code  transmission.  A 
judicious  choice  of  modulating  voltage  applied  at 
a  low-level  stage  enables  the  transmission  of  code  at 
ordinary  rates  of  speed  at  reduced  power. 

The  two  types  of  transducers  commonly  used  (mag- 
netostrictive  and  piezoelectric)  present  vastly  differ¬ 
ent  impedances  to  the  transmitter,  even  after  the 
reactive  component  of  the  load  is  tuned  out,  the 
impedance  of  the  piezoelectric  unit  being  appreci¬ 
ably  higher  than  that  of  the  magnetostrictive  one. 
Matching  the  impedance  of  the  transducer  obviously 
is  important  if  maximum  power  transfer  is  to  be 
effected. 

Although  output  transformer  design  may  be  varied 
to  allow  for  the  differences  in  the  output  tube  char¬ 
acteristics  and  transducer  impedance,  the  particular 
requirements  of  pulse  transmission  impose  serious 
limitations  on  the  transformer  design.  A  brief  con¬ 
sideration  shows  that  tuned  air-core  transformers 
are  essential  if  space  and  weight  are  to  be  kept  within 
reason  and  appreciable  power  is  used.  The  frequency 
band  required  must  also  be  considered  in  the  design 
of  the  output  transformer,  since  this  factor  deter¬ 
mines  the  (5  of  the  tuned  circuit. 
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The  problem  of  transmitting  power  into  the  same 
transducer  as  used  for  reception,  and  at  the  same 
time  providing  protection  for  the  receiving  portions 
of  the  system,  may  be  solved  in  several  ways.  Two  of 
these  are:  (1)  relays  for  disconnecting  each  of  the 
necessary  elements  and  connecting  the  transducer 
to  the  transmitter,  and  (2)  electrical  networks  to  ac¬ 
complish  virtually  the  same  results. 

Networks  to  isolate  and  protect  the  receiving  ele¬ 
ments  of  the  system  may  be  used  in  conjunction  with 
one  relay  which  for  scanning  systems  appears  to  be  a 
practical  minimum.  This  relay  switches  or  lifts  one 
ground  bus  to  prevent  passage  of  the  transmitting 
current  through  the  receiving  circuits  while  allowing 
it  to  pass  through  the  transducer.  Thyrite,  a  variable- 
resistance  ceramic  material,  or  neon  lamps  may  be 
used  across  circuit  elements  requiring  protection.  If 
vacuum-tube  rotors  are  used,  a  resistor  in  series  with 
the  grid  circuit  may  be  sufficient  to  protect  the  tube, 
but  this  may  also  become  an  important  noise  source. 
In  some  cases  a  balancing  network  may  prevent 
harmful  voltages  from  being  developed  across  vital 
elements  of  the  circuit,  but  this  usually  requires  care¬ 
ful  matching  of  a  large  number  of  components,  as 
well  as  of  the  individual  transducer  elements. 

25  SEQUENCE  OF  FUNCTIONS 

In  the  scanning  sonar,  sufficient  time  must  be 
allowed  between  the  end  of  the  display  of  one  sweep 
and  the  beginning  of  the  display  of  the  next  sweep 
for:  (1)  the  protective  circuits  to  operate;  (2)  the 
transmission  of  the  ping  to  take  place;  (3)  the  spiral 
sweep  to  position  itself  to  restart;  and  (4)  the  gain 
control  to  set  the  amplification  of  the  signal  to  a 
value  compatible  with  the  intensity  of  reverberation. 

The  various  time  intervals  and  time-related  events 
must  be  controlled  by  means  of  a  timer.  Each  kind  of 
timer  has  its  own  working  time  standard.  An  elec¬ 
tronic  system  might  use  as  a  standard  the  time 
constant  of  a  resistance-capacitance  network.  Most 
motor-driven  timers  use  as  a  standard  either  the 
supply  frequency  or  a  governor. 

There  are  two  general  types  of  electronic  timing 
circuits:  in  one,  the  time  interval  is  determined  by 
the  resistance-capacitance  time  constant  of  a  relaxa¬ 
tion  oscillator;  in  the  other  type,  either  resistance- 
capacitance  or  inductance-capacitance  determines 
the  frequency  of  a  sinusoidal  oscillator.  For  sonar 
systems  in  which  the  maximum  length  of  interval 


is  of  the  order  of  four  or  five  seconds  and  which  use 
the  latter  type  of  electronic  timing  circuit,  it  is  best 
to  operate  the  oscillator  at  a  frequency  of  80  or  800  c 
(10  yards  or  1  yard  per  cycle),  and  use  a  frequency 
divider  or  counter  to  determine  the  length  of  the 
ping  interval.  The  relaxation  oscillator  can  also  be 
used  with  a  counting  circuit.  It  is  simple  and  has  the 
further  advantage  of  being  able  to  supply  a  sawtooth 
voltage  for  the  spiral  sweep,  and  a  sharp  pulse  for 
tripping  the  ping  and  blanking  circuits  at  the  proper 
time.  It  may  be  necessary,  however,  because  of  polari¬ 
zation  of  the  dielectric,  to  include  an  inductor  in  the 
discharge  path  in  order  to  discharge  the  sweep  capaci¬ 
tor  completely.  It  has  the  further  disadvantage  that 
it  may  be  affected  by  changes  in  temperature  and 
humidity. 

A  timer  driven  by  a  synchronous  motor  is  as  ac¬ 
curate  and  precise  as  its  power  supply  frequency.27 
It  is  simple  to  design  but  is  very  apt  to  require  main¬ 
tenance  because  of  the  exposed  contacts  found  in 
many  designs.  The  contacts  are  also  likely  to  chatter, 
causing  erratic  operation  of  the  complete  system. 
A  motor  whose  speed  is  controlled  by  a  governor  is 
independent  of  the  supply  frequency,  but  the  speed 
gradually  changes  as  the  brake  on  the  governor  wears. 
With  any  motor-driven  timer,  closing  of  the  contact 
by  the  rotor  keys  the  transmitter  to  produce  the  ping, 
trips  the  blanking  circuit,  and  restarts  the  sawtooth 
sweep. 

Since  it  is  desirable  to  employ  varying  ping  in¬ 
tervals  in  scanning,  and  hence  different  maximum 
ranges  for  the  display,  a  range  switch  is  necessary. 
When  the  equipment  is  being  used  to  search  for  echo 
sources,  the  maximum  range  of  detection  is  limited 
by  the  water  conditions;  thus  one  or  two  switch  posi¬ 
tions  for  search,  corresponding  to  good  and  poor 
water  conditions,  are  desirable.  When  the  system  is 
used  for  attack  or  navigation,  shorter  intervals  be¬ 
tween  pings  are  desirable  to  give  smaller  maximum 
range,  and  hence  greater  range  resolutions.  More¬ 
over,  bearing  determination  is  likely  to  be  more  ac¬ 
curate  when  the  echo  appears  near  the  edge  of  the 
screen.  In  the  case  of  mine  detection,  the  range  at 
which  the  mines  can  be  reliably  detected  is  expected 
to  be  small,  400  yards  or  less,  so  that  one  position  of 
the  switch  is  desired  which  displays  such  short  ranges 
over  a  considerable  portion  of  the  face  of  the  cathode- 
ray  tube. 

The  spiral  sweep  for  the  PPI  may  be  generated  by 
either  electromechanical  or  electronic  means.28  When 
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using  the  electromechanical  method  it  is  preferable 
to  obtain  the  required  rotating  magnetic  field  in  the 
PPI  by  connecting  stationary  polyphase  deflecting 
coils  to  a  polyphase  generator.  Either  a  2-phase  sys¬ 
tem  or  a  3-phase  system  may  be  used.  The  latter  is 
easier  to  set  up  since  accurately  wound  3-phase  units 
are  available  in  the  form  of  synchros.  The  sawtooth 
modulation  of  the  polyphase  voltages  is  achieved  in 
this  case  by  supplying  the  generator  field  with  a  saw¬ 
tooth  varying  current.29 

A  second  electromechanical  method  of  spiral 
sweep  generation  is  the  rotating  capacitor-generator. 
Either  d-c  or  radio-frequency  voltage  upon  one  plate 
of  the  capacitor  is  modulated  by  a  mechanical  varia¬ 
tion  of  the  capacitance.  The  plates  are  shaped  so  that 
2-phase  sine-wave  voltages  are  obtained.  Range  ex¬ 
pansion  is  achieved  by  varying  the  amplitude  of  the 
voltage  upon  the  fixed  plate  of  the  capacitor  in  ac¬ 
cordance  with  the  expanding  sweep.  If  radio  fre¬ 
quency  voltage  is  used,  the  voltage  to  be  applied  to 
the  deflection  coils  is  obtained  by  using  a  detector  or 
demodulator.  The  modulated,  direct  current  may  be 
applied  directly  to  the  deflection  coils  after  amplifi¬ 
cation. 

For  high-speed  rotation  the  necessary  polyphase 
signal  for  the  deflection  coils  can  be  generated  elec¬ 
tronically  by  using  a  multiphase  oscillator  or  by 
using  an  ordinary  sine-wave  oscillator,  followed  by 
a  phase-splitting  network.  The  sawtooth  modulation 
may  be  carried  out  either  before  or  after  the  phase 
splitting.  Because  of  the  difficulty  in  making  modu¬ 
lators  track,  it  is  most  conveniently  carried  out 
before.  Phase  splitting  is  best  done  at  low  power 
levels  because  of  the  power  losses  associated  with  the 
splitting.  Hence,  it  must  be  followed  by  a  power 
amplifier  for  each  phase.  For  simplicity,  only  2-phase 
electronic  systems  have  been  used. 

The  sawtooth  modulating  sweep  may  be  generated 
by  either  mechanical  or  electronic  means.  If  a  re¬ 
corder  or  similar  mechanical  device  is  used  to  control 
the  ping  interval,  a  potentiometer  can  be  attached  to 
the  moving  element.  A  fixed  voltage  is  placed  across 
this  potentiometer  and  the  sawtooth  sweep  voltage 
taken  from  the  slider.  A  sawtooth  sweep  can  be  gen¬ 
erated  most  successfully,  however,  by  means  of  the 
conventional  capacitor  charge  and  discharge  type  of 
circuit  similar  to  that  used  in  the  cathode-ray  oscil¬ 
loscope.  To  secure  stability  of  sweep  rate  and  linear¬ 
ity  of  sweep  voltage,  the  power  supply  must  be 
regulated,  and  a  means  of  producing  a  constant 


charging  current  provided.  Constant  charging  cur¬ 
rent  is  most  easily  secured  by  the  use  of  a  pentode 
tube  in  the  charging  circuit.  These  circuits  are  dis¬ 
cussed  more  fully  in  Chapters  5  and  7. 

A  source  whose  current  is  exactly  constant  can  be 
obtained  also  by  using  a  voltage  regulating  system, 
with  sufficient  positive  feedback  to  be  metastable,30 
to  keep  the  voltage  across  a  resistor  in  the  charging 
circuit  constant.  With  any  of  the  electronic  systems 
of  sweep  generation  it  is  usually  desirable  to  have  an 
isolating  amplifier  between  the  sweep  generator  and 
the  point  of  application  to  avoid  distortion. 

The  sawtooth  sweep  must  be  synchronized  with 
the  ping.  This  is  most  easily  accomplished  by  letting 
the  flyback,  or  return  of  the  sawtooth  sweep,  initiate 
the  ping.  In  the  case  of  a  mechanical  timer  the  con¬ 
tactors  that  discharge  the  sweep  capacitor  can  also 
be  made  to  initiate  the  ping,  after  a  time  delay  if 
necessary. 

The  polyphase  sweep  voltages  must  be  synchron¬ 
ized  with  the  rotation  of  the  scanning  beam.  At  pres¬ 
ent  the  method  used  in  commutated  rotation  [CR] 
sonar  is  to  couple  the  polyphase  generator,  usually 
a  synchro,  directly  to  the  scanning  commutator  and 
drive  them  both  by  the  same  motor.  For  the  elec¬ 
tronically  rotated  [ER]  sonar  system,  it  is  sufficient 
to  use  the  same  oscillator  for  the  sweep  as  is  used  to 
rotate  the  beam  of  sensitivity.  If  a  lag  line  is  used  to 
rotate  the  beam  of  sensitivity  in  ER  sonar,  the  oscilla¬ 
tor  must  be  synchronized  with  the  lag  line,  so  that  a 
pulse  enters  the  lag  line  at  the  same  instant  that  the 
previous  pulse  leaves  it.  This  can  be  accomplished 
by  connecting  a  discriminator  to  the  beginning  and 
end  of  the  lag  line  and  using  the  output  of  the  dis¬ 
criminator  to  control  the  frequency  of  the  oscillator 
through  a  reactance  tube  (see  Chapter  7  for  a  more 
complete  discussion). 

Certain  other  factors  must  be  considered  in  the  de¬ 
sign  of  the  spiral  sweep,  since  failure  to  allow  for 
them  introduces  distortion.  The  hum  level  in  the 
sweep  circuit  should  be  at  least  80  db  below  the  level 
of  the  sweep  voltage.  Harmonic  distortion  in  the 
sweep  amplifier  must  be  kept  to  a  minimum.  The 
phase  shift  through  the  sweep  voltage  amplifier  must 
be  independent  of  amplitude,  or  else  the  bearing  of 
the  display  changes  with  range.  Regidation  of  the 
power  supply  may  also  cause  this  trouble.  The  deflec¬ 
tion  circuits  can  and  should  be  compensated  so  that 
the  size  of  the  display  is  made  nearly  independent  of 
line  voltage.  For  the  size  of  the  display  also  to  be  in- 
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dependent  of  rapid  transient  changes  in  line  voltage, 
time  delays  in  the  filters  for  the  power  supplies 
should  be  equal,  and  approximately  equal  to  the  lag 
in  the  change  in  heater  temperature. 

The  ping  length  may  be  determined  by  a  mechan¬ 
ical  switch;  for  example,  a  pair  of  contacts.  A  knife- 
type  switch  is  unsatisfactory,  because  the  length  of 
time  that  it  must  remain  closed  is  so  small.  In  general, 
it  has  been  the  experience  at  HUSL  that  mechanical 
contacts  are  not  satisfactory  because  of  their  tendency 
to  chatter  and  because  of  their  maintenance  require¬ 
ments. 

A  multivibrator  or  self-blocking  oscillator  is  well 
adapted  for  determining  the  ping  length,  since  it 
operates  well  with  an  “on”  interval  of  a  few  milli¬ 
seconds  and  turns  on  and  off  in  a  few  microseconds. 
An  electronic  network  having  associated  mechanical 
parts  has  been  used  in  the  differentiated-pulse  system 
of  timing.  Either  the  pulse  used  to  actuate  a  relay, 
or  the  pulse  formed  by  the  discharge  of  the  sweep 
capacitor,  may  be  differentiated  and  the  output  used 
to  key  the  transmitter. 

Accurate  and  precise  control  of  short  ping  length 
can  be  secured  also  by  the  use  of  a  pulse  line.  Here, 
the  ping  length  is  determined  by  the  time  taken  for  a 
transient  pulse  to  travel  out  and  back  along  a  trans¬ 
mission  line  made  up  of  low-pass  filter  sections.  As 
this  time  interval  is  dependent  on  the  line  constants, 
the  ping  length  can  be  controlled  by  careful  design 
and  construction  of  the  line.  The  pulse  line  has  the 
additional  advantage  of  storing  energy  between  pings 
and  giving  up  all  its  stored  energy  at  the  time  of  the 
ping  so  that  the  drain  upon  the  power  supply  is  small. 

It  is  necessary  to  apply  a  blanking  pulse  to  the  PPI 
cathode-ray  tube  and  to  the  BDI  tube,  when  used, 
during  return  of  the  sweep  to  prevent  any  brighten¬ 
ing  by  the  transmitted  pulse  or  by  reverberation  dur¬ 
ing  return  of  the  sweep.  In  a  sonar  system  employing 
a  listening  receiver  it  is  also  necessary  to  blank  the 
receiver  during  transmission  of  the  ping  to  prevent 
an  initial  blast  of  sound  in  the  speaker.  In  the  ER 
sonar  it  may  also  be  necessary  to  blank  the  switching 
voltage  applied  to  an  electronic  rotor  so  as  to  prevent 
damage  to  rotor  components  during  transmission 
of  the  ping.  Blanking  of  the  PPI  tube  should  be  long 
enough  to  allow  any  direct  current  transient  due  to 
return  of  the  sweep  to  die  out,  and  to  allow  the  sweep 
to  collapse  to  a  sufficiently  small  value  so  that  it  re¬ 
starts  from  approximately  the  center  cathode-ray 
tube  screen.  In  systems  where  an  electronic  cursor  is 


put  upon  the  face  of  the  cathode-ray  tube  during  the 
dead  time,  it  is  necessary  to  blank  the  face  of  the 
cathode-ray  tube  before  and  after  the  cursor  mark  is 
placed  upon  it.  This  double  blanking  must  be  long 
enough  to  allow  the  switching  transients  to  die  out 
before  the  new  portion  of  the  display  is  started. 

Receiver  blanking  may  be  accomplished  by  either 
reducing  the  gain  of  the  system,  or  by  shorting  out 
the  input  signal.  An  additional  contact  upon  a  ping¬ 
ing  or  ping-interval  relay  can  be  used  to  do  either. 
Electronically,  the  gain  can  be  reduced  either  by  driv¬ 
ing  the  grid  or  suppressor  negative,  by  reducing  the 
plate  or  screen  voltage,  or  by  driving  the  cathode 
positive.  A  triode  gate  or  switch  may  be  used  to  short 
out  the  signal  for  the  desired  time. 

Again  it  should  be  emphasized  that  all  these  time 
functions  must  be  synchronized.  It  is  necessary  for 
the  protective  and  blanking  circuits  to  operate  im¬ 
mediately  after  the  sweep  is  blanked  and  to  keep  the 
dead  time  as  brief  as  possible.  The  ping  transmission 
must  be  delayed  until  all  protective  circuits  are  in 
operation,  and  yet  must  not  be  delayed  longer  than 
the  time  required  for  these  circuits  to  become  opera¬ 
tive.  In  a  system  with  two  or  more  transmitters  it  is 
necessary  to  key  the  transmitters  simultaneously  in 
order  to  prevent  the  output  of  one  transmitter  from 
masking  part  of  the  echoes  returning  from  the  other. 
Where  two  transmitters  are  operating  simultaneously 
at  different  ranges  it  is  desirable  to  have  the  longer 
interval  an  integral  multiple  of  the  shorter. 

With  a  dual  indicating  system,  range-marking  or 
range-determining  circuits  must  be  keyed  at  the  same 
time  to  obtain  identical  range  indications  with  both 
indicators.  Bearings  must  likewise  be  synchronized. 

2  6  MECHANICAL  MOTIONS 

2-6.i  Training  of  Listening  Beam 

To  provide  a  listening  beam  in  the  CR  sonar,  an 
additional  commutator  with  a  synchro-controlled 
servo  drive  is  used.  Circuits  are  arranged  so  that  the 
servo  motor  receives  its  signal  from  the  cursor  train¬ 
ing  handwheel  directly,  or  through  stabilization 
equipment. 

Another  method  of  positioning  the  receiving  beam 
is  to  connect  the  beam-forming  lag  line  directly  to 
the  transducer  elements.  This  forms  the  receiving 
beam  at  a  definite  angle  with  respect  to  the  trans¬ 
ducer.  If  the  transducer  is  then  rotated  mechanically 
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in  a  manner  similar  to  the  standard  procedure  of 
training  QC  projectors,  the  receiving  beam  can  be 
positioned  to  the  relative  target  bearing.  Provision 
must  be  made  in  the  scanning  channel  for  cancella¬ 
tion  of  this  motion  if  a  relative  bearing  PPI  is  de¬ 
sired. 

2-6-2  Stabilization 

In  order  to  obtain  more  data  and  to  receive  the 
data  with  greater  accuracy,  it  becomes  necessary  to 
apply  to  the  sonar  equipment  stabilization  against 
the  pitch  and  roll  of  the  ship.  There  are  at  least  two 
possible  methods  for  introducing  stabilization.  The 
first  is  to  position  the  projector  mechanically  accord¬ 
ing  to  the  output  functions  of  a  stable  element.  These 
functions  are  director  train  \B'f\  level  [L],  and 
cross  level  [ Z'd ].  The  BuOrd  Bulletin,  O.D.  3447, 
definitions  are  as  follows: 

B'r  Director  train  (Stabilized  Sight)— The  angle 
between  the  fore  and  aft  axis  of  own  ship  and  the 
vertical  plane  through  the  line  of  sight  (from  the 
point  upon  which  the  range  keeper  or  data  computer 
bases  its  solution) ,  measured  in  the  deck  plane  clock¬ 
wise  from  the  bow. 

L  Level  angle— Level  angle  measured  about  an 
axis  in  the  horizontal  plane;  the  angle  between  the 
horizontal  plane  and  the  deck  plane,  measured  in 
the  vertical  plane  through  the  line  of  sight.  (Positive 
when  the  deck  toward  the  target  is  below  the  horizon¬ 
tal  plane.) 

Z’d  Cross  level  angle— Cross-level  angle  measured 
about  an  axis  in  the  deck  identified  as  the  inter¬ 
section  of  the  plane  of  the  deck  with  the  plane 
through  the  line  of  sight  perpendicular  to  the  deck; 
the  angle  is  measured  between  the  vertical  plane  and 
a  plane  perpendicular  to  the  deck  through  this  axis. 
(Positive  if,  when  one  faces  the  target,  the  starboard 
side  of  the  ship  is  up.) 

The  stable  element  gives  these  values  as  synchro 
orders  which  can  be  fed  to  the  synchro-controlled 
servo  systems  directly  attached  to  the  three  axes  of 
the  projector.  Once  the  relative  bearing  and  depres¬ 
sion  angle  of  the  sound  beam  have  been  chosen,  the 
stable  element  computes  the  necessary  corrections 
to  keep  the  beam  trained  always  in  the  direction  of 
the  target  during  all  changes  in  roll  and  pitch.  A 
feature  of  this  system  is  that  the  reference  planes  of 
both  the  bearing  deviation  indicator  and  the  eleva¬ 
tion  deviation  indicator  are  always  in  the  horizontal 


and  vertical  planes.  From  a  maintenance  point  of 
view,  this  type  of  stabilization  is  not  the  most  satis¬ 
factory.  In  one  such  system  the  level  and  cross-level 
control  transformers,  servo  motors,  and  necessary 
mechanical  components  are  located  in  a  container 
which  must  be  acoustically  transparent,  filled  with 
an  oil  having  the  same  impedance  as  sea  water,  and 
protruding  from  the  bottom  of  the  ship.  This  im¬ 
poses  the  problem  of  building  the  motors  and  gears 
to  operate  in  the  oil  without  causing  any  noise  at 
the  projector  face.  The  large  number  of  moving  parts 
in  the  oil,  necessary  to  keep  the  projector  stabilized, 
probably  requires  more  maintenance  than  a  fixed 
transducer.  This  system  was  developed  by  NRL  as 
their  integrated  Type  A  sonar  equipment. 

The  second  type  of  stabilization  is  a  two-axis  sys¬ 
tem  in  which  the  outputs  of  the  stable  element  are 
fed  to  a  trunnion-tilt  corrector.  The  trunnion-tilt 
corrector  converts  the  three-axis  corrections  for  roll 
and  pitch  to  give  train  order  in  the  deck  plane  and 
depression  order  in  a  plane  normal  to  the  deck.  This 
system  also  keeps  the  center  of  the  beam  directed  at 
the  target  during  all  conditions  of  roll  and  pitch. 
The  reference  plane  of  the  BDI,  however,  does  not 
remain  vertical  but  is  in  the  plane  normal  to  the 
deck. 

In  the  integrated  Type  B  sonar  the  two  signals 
from  the  trunnion-tilt  corrector  are  used  to  position 
the  receiving  beam  in  space.  The  train  order  mechan¬ 
ically  positions  the  transducer  in  azimuth  with  re¬ 
spect  to  the  deck  plane.  Depression  of  the  vertical 
beam  is  accomplished  electrically  by  feeding  the  de¬ 
pression  order  to  a  servo  attached  to  the  listening 
commutators  of  the  vertical  scanning  system. 

In  addition  to  positioning  the  listening  beam,  the 
scan  indications  on  the  cathode-ray  tubes  must  be 
corrected  to  give  azimuth  in  the  horizontal  plane  and 
depression  angle  in  a  vertical  plane.  This  can  be  ac¬ 
complished  by  removing  from  the  incoming  scan 
information  the  components  of  train  order  and  de¬ 
pression  order  which  have  been  inserted  by  the  sta¬ 
bilization  equipment  to  stabilize  the  listening  beam. 

2.6.3  Fire  Control  Information 

The  purpose  of  sonar  equipment  is  to  supply  in¬ 
formation  concerning  any  subsurface  target.  The 
present  practice  is  to  transmit  the  slant  range,  range 
rate,  and  bearing  by  word  of  mouth  from  the  sonar 
operators  to  the  conning  officer.  With  these  data  and 
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the  knowledge  of  own-ship’s  motion,  the  officer  conns 
the  attack. 

The  first  means  of  improving  this  system  would 
be  to  use  conning  aids  such  as  templates  or  scales 
with  which  the  conning  officer  would  manually  set 
up  the  problem  from  information  supplied  by  the 
sonar  operators.  An  improvement  over  this  method 
would  be  to  make  an  automatic  geographical  plot 
of  the  target  and  own  ship.  This  has  been  accom¬ 
plished  in  the  General  Electric  attack  plotter  into 
which  range,  bearing,  and  ship  motions  are  electri¬ 
cally  inserted.  More  rigorous  formulations  of  the 
complete  attack  problem  have  been  solved  by  several 
different  attack  directors  in  which  the  bearing  has 
been  inserted  by  a  synchro  system,  and  the  range  has 
been  received  from  the  range  recorder  by  a  servo. 
Samples  of  this  type  are  the  Mark  II,  Mark  III,  and 
the  Mark  IV,  Mod.  O  directors.  All  of  these  systems 
have  shown  some  improvement  in  the  utilization  of 
the  sonar  data  although  the  data  are  at  times  inaccu¬ 
rate  and  erratic. 

The  most  successful  method  would  appear  to  be 
one  in  which  initial  bearing  and  range  are  fed  to 
rate-control  mechanisms  which  commence  generat¬ 
ing  ranges  and  bearings  of  the  target.  These  gener¬ 
ated  values  are  then  fed  back  to  the  primary  sonar 
equipment  to  position  both  the  bearing  indicators 
and  a  cursor  on  the  range  recorder.  The  sonar  op¬ 
erators  now  have  only  to  introduce  corrections  to 
these  generated  values  to  produce  accurate  and  con¬ 
sistent  data.  This  system  tends  to  eliminate  some  of 
the  operational  errors  and  to  produce  steady  outputs 
from  the  sonar  equipment.  These  more  consistent 
data  can  now  be  inserted  into  the  attack  director 
which  furnishes  more  accurate  information  for  con¬ 
ning  the  attack. 

2.6.4  Synchro  and  Servo  Requirements 

Remote  training  of  searchlight-type  sonar  systems 
was  usually  accomplished  by  observation  of  a  repeat- 
back  synchro  indicator  that  was  independent  of  the 
train-order  system.  While  perhaps  desirable  for  maxi¬ 
mum  assurance  that  no  error  is  being  introduced  by 
the  training  not  following  the  train  order,  such  a  sys¬ 
tem  does  not  lend  itself  conveniently  to  the  introduc¬ 
tion  of  stabilization  factors.  If  such  a  system  is  not 
used,  more  dependence  must  be  placed  on  the  re¬ 
liability  and  accuracy  of  the  servo  systems  that  train 
the  transducer  or  listening  commutators.  While 


single-speed  (1:1)  synchro  circuits  are  usually  ade¬ 
quately  accurate  in  comparison  with  the  accuracy  of 
sonar  information  under  operating  conditions,  the 
dual-speed  (1:1  and  36:1)  systems  are  preferable  for 
additional  precision.  The  greater  stiffness  of  servo 
systems  with  dual-speed  synchro  control  may  likewise 
be  a  determining  factor  towards  use  of  the  dual¬ 
speed  arrangement. 

Training  speed  of  transducers  has  usually  been 
limited  by  practical  motor  size  limits  to  about  4  rpm. 
The  very  much  smaller  inertia  of  the  listening  com¬ 
mutator  allows  greatly  increased  training  speeds 
without  excessive  motor  size.  A  speed  capability  of 
8  rpm  is  designed  into  the  Sangamo  XQHA  sonar 
and  even  higher  speeds  should  be  readily  obtainable, 
with  the  advantage  that  shifts  from  one  target  to 
another  would  require  less  lost  time.  High-speed 
servo  operation  usually  leads  to  difficulties  with 
either  hunting  or  sluggishness,  but  these  difficulties 
can  be  eliminated  almost  entirely  by  careful  design. 
Specifications  should  be  based  on  overshoot  and  lag 
error  as  functions  of  training  speed.b  Amplifier  de¬ 
signs  should  be  given  particular  attention  to  permit 
easy  maintenance;  to  this  end  plug-in  arrangements 
are  attractive. 

2  7  DESIGN  CONSIDERATIONS  OF 
TRANSDUCERS 

With  multielement  types  of  transducers  such  as  are 
used  in  scanning  sonar  systems,  the  choice  of  fre¬ 
quency  is  a  primary  consideration,  since  this  choice 
essentially  determines  the  size  of  the  transducer  to 
be  used.  Experimental  data  have  shown  that  for  suc¬ 
cessful  horizontal  patterns  to  be  obtained31  with 
lag-line  compensators,  the  value  of  ka /N  must  be  less 
than,  or  equal  to,  0.5.  In  this  expression,  a  is  the 
radius  of  the  active  face  of  the  transducer;  N  is  the 
number  of  elements  in  a  full  circle;  and  k  equals 
2ir//c,  where  /  is  the  frequency  of  the  acoustic  wave 
and  c  is  the  velocity  of  sound  in  the  water.  Therefore, 
ka/N  is  the  center  line  to  center  line  distance  from 
element  to  element,  expressed  in  wavelengths. 

Both  theory  and  experimental  work  have  shown 
that  the  vertical  pattern  of  a  transducer  becomes 
narrower  as  the  vertical  length  of  the  individual  ele¬ 
ment  is  increased.  Figure  12  shows  the  total  width  of 

b  For  high  performance  requirements,  continuous-control 
servos  are  necessary;  the  most  convenient  arrangements  use  elec¬ 
tronic  amplifiers. 
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Figure  12.  Total  pattern  width  from  square  or  line 
source  at  different  levels  below  maximum. 


pattern  in  degrees  from  a  square  or  line  source  of 
dimension  l  at  different  levels  below  maximum.  In 
this  figure  A.  represents  the  wavelength  of  the  sound 
wave  in  water.  Narrower  beams  give  better  signal-to- 
noise  ratio,  as  explained  in  Chapter  3,  but  are  more 
subject  to  roll  and  pitch  inconsistency.  Maximum  1/ A 
values  of  around  7  (that  is,  18  inches  at  26  kc),  giving 
a  pattern  width  of  12  degrees  at  —10  db,  have  been 
used  with  reasonable  success,  but  the  best  compro¬ 
mise  from  the  overall  operating  viewpoint  remains  to 
be  determined. 

Careful  consideration  must  be  given  to  the  phase 
angle  existing  between  the  sound  energy  falling  per¬ 
pendicularly  upon  the  face  of  the  element  and  the 
electric  output  of  the  element.  It  has  been  found 
from  experience  that  while  the  actual  value  of  this 
phase  angle  is  unimportant,  it  must  be  uniform  from 
element  to  element  to  within  ±6  degrees  for  satis¬ 
factory  pattern  formation. 

This  phase  angle  is  made  up  of  two  parts,  the  first 
arising  from  the  mechanical  portion  of  the  vibrating 
system,  and  the  second  arising  from  the  electrical 
constants  of  the  equivalent  circuit.  The  mechanical 
part  of  the  phase  shift  /3  for  either  magnetostriction 
or  crystal  transducers  is  given  by 


tan  [3  = 


2  ft,  A  / 

fr 


in  which  Qm  is  the  mechanical  Q  of  the  vibrating  sys¬ 
tem,  A /  is  the  difference  between  the  resonant  fre¬ 
quency  of  the  individual  element  and  the  average 
frequency  fr  of  all  the  elements.  In  order  that  the 
variation  of  phase  angle  in  the  mechanical  portion 


of  the  system  be  within  the  desired  limit,  A /  or  Q, 
or  both,  must  be  small.  Since  A /  can  be  kept  small 
only  by  extreme  precision  of  construction,  transduc¬ 
ers  are  usually  designed  with  low  Q.  A  Q  of  the  order 
of  10  appears  to  be  a  good  compromise  between  low 
efficiency  and  very  low  Q. 

The  electrical  portion  of  the  phase  angle  is  given 
by 


tan  /?  = 


2RAX  -  XAR 
4  R2  +  X2 


when  the  reactive  component  is  tuned  out,  where  A 
indicates  the  difference  of  each  individual  element 
from  the  average  element,  and  R  and  X  indicate  the 
average  a-c  resistance  and  the  average  reactance  re¬ 
spectively,  at  the  average  resonant  frequency.  In 
order  to  satisfy  the  phase  variation  specification, 
therefore, 


2 £>„,  Af  ,  2RAX  -  XAR  ^  n  , 
fr  +  4.R2  +  X2  ^ 

should  hold,  since  the  two  portions  are  independent. 

The  diameter  of  the  transducer  is  determined  in 
part  by  the  size  of  the  opening  through  which  it  must 
pass  to  be  let  out  of  the  bottom  of  the  ship.  A  stand¬ 
ard  size  of  this  type  of  opening  with  dome  is  shown 
in  Figure  13.  If  narrower  beams  are  required,  they 
can  be  obtained  only  by  increasing  the  frequency  or 
by  increasing  the  size  of  the  transducer. 

The  active  materials  to  be  used  in  the  construc¬ 
tion  of  this  type  of  transducer  are  somewhat  limited. 
Piezoelectric  transducers  may  be  constructed  of 
either  X-  or  Y-cut  Rochelle  salt  crystals  or  Z-cut 
ammonium  dihydrogen  phosphate  [ADP]  crystals. 
Magnetostriction  transducers  normally  are  made 
from  nickel  or  nickel  alloy  laminations.  The  choice 
of  either  the  piezoelectric  or  magnetostrictive  type 
of  transducer  depends  upon  the  relative  availability 
of  materials,  manufacturing  convenience,  and  the 
electrical  impedance  desired. 

In  the  mechanical  construction  of  transducers,  spe¬ 
cial  consideration  must  be  given  to  the  water  pres¬ 
sures  to  which  these  units  are  subjected.  In  addition, 
a  transducer  which  is  designed  to  be  mounted  topside 
on  the  deck  of  a  submarine  must  be  constructed  to 
withstand  the  impact  force  of  waves  when  the  sub¬ 
marine  is  cruising  on  the  surface. 

This  type  of  transducer  generally  varies  from  500 
to  1,000  pounds  in  weight.  Consequently,  special  con¬ 
sideration  should  be  given  to  means  of  handling  a 
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piece  of  equipment  of  this  kind,  which  is  both  deli¬ 
cate  and  heavy.  Special  care  should  be  taken  so  that 
the  active  face  of  the  transducer  is  not  subjected  to 
shock  or  undue  pressure,  such  as  contact  with  some 
sharp  object.  The  material  used  in  the  structural 
part  of  the  transducer  should  be  either  stainless  steel 
or  bronze  casting  to  withstand  the  action  of  sea 
water.  Transducers  to  be  used  bottomside  on  either 
ships  or  submarines  normally  are  fastened  to  a  stand¬ 
ard  QC  flange. 


In  order  to  assure  complete  acoustic  contact  be¬ 
tween  the  element  faces  and  the  rubber  boot  on  a 
transducer,  it  has  been  the  custom  to  vacuum-fill  the 
space  between  them  with  castor  oil.  Recently  con¬ 
structed  transducers,  however,  have  been  made  with 
a  slightly  undersized  boot  which  makes  a  pressure 
contact  with  the  faces  of  the  elements.  A  smearing 
of  castor  oil  on  the  inside  of  the  boot  is  used  to  assure 
good  acoustic  contact.  It  has  been  found  that  this 
type  of  construction  gives  greater  efficiency  and  is 
much  easier  to  handle  during  construction  or  replac¬ 
ing  of  elements  than  the  oil-filled  type.  This  method 
was  used  in  the  construction  of  several  magnetostric¬ 
tion  transducers,  but  up  to  the  present  time  it  has 
not  been  used  on  a  crystal-type  transducer.  However, 
the  presence  of  oil  in  crystal  transducers  gives  a 
higher  dielectric  constant  between  electrodes  than 
would  be  obtained  with  air,  and  thus  may  be  more 
suitable  for  the  high  voltages  necessary  to  obtain  the 
desired  power  in  this  type  of  transducer. 

Attention  should  be  given  to  the  kind  of  cable  to 
be  used.  If  it  is  possible  to  locate  the  rotor  inside  the 
transducer  the  cabling  problem  is  considerably  sim¬ 
plified,  since  the  pair  of  wires  from  each  element  do 
not  have  to  be  brought  out  of  the  transducer  itself. 

It  is  desirable,  upon  transmitting,  to  get  as  much 
acoustic  power  as  possible  into  the  water.  It  has  been 
found32  that  cavitation  does  not  occur  with  a  power 
less  than  2  watts  per  sq  cm  with  a  30-millisecond 
pulse  or  20  to  30  watts  per  sq  cm  with  a  3-millisecond 
pulse. 

It  is  obviously  desirable  to  use  as  small  an  amount 
of  electrical  power  as  possible  and  still  put  enough 
power  in  the  water  to  be  just  under  the  cavitation 
point.  In  order  to  achieve  this  the  efficiency  of  the 
transducer  is  of  considerable  importance.  Experience 
has  shown  that  it  is  difficult  to  obtain  efficiencies  over 
30  or  40  per  cent.33 

Special  consideration  should  be  given  to  the  de¬ 
sired  impedance  of  the  individual  elements  of  the 
transducer.  Various  factors  may  enter  into  the  deter¬ 
mination  of  this  impedance.  Since  it  is  desired  to  ob¬ 
tain  the  greatest  possible  power  from  the  transducer, 
it  is  obvious  that  neither  extremely  high  nor  ex¬ 
tremely  low  impedances  would  be  satisfactory.  In 
the  case  of  a  high  impedance,  large  voltages  and  thick 
insulation  would  have  to  be  used  in  order  to  obtain 
the  desired  power;  while  with  low  impedance  values, 
large  currents  would  be  drawn  necessitating  heavy 
wire  which,  in  some  instances,  would  approach  bus 
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bar  proportions.  Consideration  must  also  be  given 
to  the  components  to  be  used  in  the  transfer  network, 
such  as  coupling  transformers  and  capacitors. 

It  should  be  remembered  that  during  transmission 
the  elements  are  connected  in  parallel,  whereas  in  re¬ 
ception  the  outputs  of  the  individual  elements  are 
fed  separately  into  a  beam-forming  device.  There¬ 
fore,  in  order  to  match  properly  the  impedances  pre¬ 
sented  by  coupling  transformers  when  receiving,  and 
to  take  account  of  the  transmitting  coupling  capaci¬ 
tors,  the  impedances  of  the  individual  elements 
should  be  chosen  with  regard  to  the  impedance 
values  of  transformers  which  are  available,  and  also 
with  attention  to  available  sizes  of  transmitting  cou¬ 
pling  capacitors.  It  has  been  found  from  experience 
in  design  and  construction  that  a  reasonable  value 
for  the  impedance  of  a  magnetostriction  transducer 
element  is  50  +  ;100  ohms.  This  gives  approximately 
1.04  +  /2.08  ohms  for  a  48-element  transducer  with 
the  elements  connected  in  parallel.  These  values  can 
be  obtained  with  magnetostrictive  types  of  transduc¬ 
ers,  without  using  either  extremely  small  or  ex¬ 
tremely  large  wire  in  the  windings. 

In  general,  crystal-type  transducers  have  a  much 
higher  impedance  than  the  magnetostrictive  type. 
The  45-degree  X-cut  Rochelle  salt  crystals  have  been 
found  to  have  considerable  variation  of  impedance 
with  temperature.  A  variation  from  140  —  j  1,200 
ohms  at  0  C  to  60  —  y 700  ohms  at  18  C  is  not  uncom¬ 
mon  for  this  type  of  crystal  transducer.  F-cut  Ro¬ 
chelle  salt  crystals,  which  have  much  less  impedance 
variation  with  temperature,  have  been  found  to  have 
impedances  averaging  500  —  j 6,600  ohms.  The  ADP 
crystals  have  been  found  to  be  more  stable  than 
either  the  X-  or  F-cut  Rochelle  salt,  and  an  average 
impedance  for  this  type  of  crystal  might  be  1,000  — 
/7,400  ohms. 

Table  2  lists  all  the  multielement  scanning  sonar 
transducers  used  by  HUSL,  with  the  various  systems 
developed.  The  table  gives  the  names,  dimensions, 
frequency,  number  of  elements,  material  used  for 
the  elements,  the  systems  in  which  they  were  used, 
the  number  constructed,  and  the  manufacturer. 

2»  PRINCIPLES  OF  PATTERN 

FORMATION  AND  BEAM  ROTATION 

In  the  present  section,  the  receiving  pattern  in  a 
plane  normal  to  the  axis  of  the  cylinder  is  referred 
to  as  the  directivity  pattern  of  a  cylindrical  trans¬ 


ducer.  (The  pattern  in  the  plane  through  the  axis  of 
the  cylinder  is  approximately  that  of  a  line  source 
having  a  length  equal  to  that  of  the  transducer.)  It 
is  obvious  that  the  problem  of  pattern  formation  for 
scanning  sonar  is  more  complicated  than  for  most 
other  sonar  systems.  This  is  due  principally  to  the 
fact  that  the  active  face  of  the  transducer  is  cylindri¬ 
cal  rather  than  flat  in  shape,  as  is  usually  the  case  for 
sharp-beamed  searchlight  system  transducers.  The 
necessity  for  rotating  the  pattern  places  relatively 
weak  restrictions  on  it,  so  that  the  problem  is  reduced 
essentially  to  one  of  forming  a  stationary  directional 
pattern. 

The  cylindrical  transducer  is  divided  into  strips 
parallel  to  the  axis  of  the  cylinder.  The  receiving  pat¬ 
tern  is  formed  by  combining  the  signals  from  these 
elements  in  a  predetermined  manner.  This  combin¬ 
ing  process  involves  weighting  as  well  as  delaying 
the  various  signals  by  different  amounts  to  give  a 
resulting  pattern  that  is  highly  sensitive  in  one  direc¬ 
tion,  while  relatively  insensitive  in  all  other  direc¬ 
tions.  A  theory  of  pattern  formation  is  given  in 
Chapter  9  that  tells  how  to  attenuate  and  delay  the 
various  signals  to  yield  a  pattern  of  a  given  width.  It 
appears  that  the  time  delays  approximately  compen¬ 
sate  for  the  different  time  delays  of  signals  in  the 
water.  That  is,  looking  in  at  the  electrical  terminals, 
the  transducer  is  made  to  appear  flat.  Once  this  is 
done,  the  usual  shading  techniques  may  be  employed 
to  suppress  the  minor  lobes. 

The  above  explanation  is  highly  oversimplified. 
The  size  of  the  transducer  in  wavelengths  and  the 
number  of  elements  in  the  transducer  limit  the  nar¬ 
rowness  of  the  pattern  actually  attainable.  In  Chap¬ 
ter  9  it  is  shown  that  the  narrowest  desirable  pattern 
—-that  is,  the  pattern  of  minimum  directivity  ratio— 
is  approximately  that  of  a  line  source  of  length 

l  =  (N+  1)A, 

where  N  is  the  number  of  elements  and  X  is  the  wave¬ 
length  of  the  signal.  The  width  of  the  major  lobe  6 
db  down  from  the  peak  is  then  about  435 /(N  +  1)  de¬ 
grees.  It  is  also  shown  in  Chapter  9  that  if  the  minor 
lobes  are  to  be  low  and  the  rotatability  of  the  pattern 
is  to  be  good,  it 'is  necessary  that  the  width  of  the 
single  elements  should  not  be  greater  than  half  a 
wavelength.  Practical  considerations,  such  as  han¬ 
dling  and  working  with  the  laminations  that  are 
stacked  to  form  the  elements,  make  it  desirable  to 
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use  as  wide  an  element  as  possible.  There  is  the  temp¬ 
tation,  therefore,  to  break  this  restriction  and  make 
the  elements  wider  than  half  a  wavelength.  This 
has  actually  been  done  in  certain  cases  to  the  extent 
of  having  elements  as  wide  as  5/9  of  a  wavelength. 
There  are  indications  that  this  is  close  to  the  limit. 


When  the  elements  are  half  a  wavelength  wide,  the 
pattern  of  minimum  directivity  ratio  is  approxi¬ 
mately  that  of  a  line  source  whose  length  is  equal  to 
the  diameter  of  the  transducer.  This  narrowest  pat¬ 
tern  has  minor  lobes  which  are  only  13.5  db  below 
the  major  lobe,  so  that  it  is  necessary  to  sacrifice  the 


Table  2.  Scanning  Sonar  Transducers. 
(Magnetostriction) 


Name 

Dimensions  of  active 
face  (in  inches) 

No.  of 
ele¬ 
ments 

Material  used  in 
elements 

Fre¬ 
quency 
(in  kc) 

Systems 
for  which 
designed 

Manu¬ 

facturer 

No.  of 
units 
con¬ 
structed* 

Remarks 

Diameter 

Height 

Medusa 

12 

6 

36 

Nickel  Ribs 
(residual  magnet¬ 
ism  polarized) 

Flat 

First 

CR  System 

HUSL 

1 

Discarded  because  of 
poor  patterns  and  low 
efficiency. 

Millerphone 

(Casketphone) 

15 

15 

36 

Nickel  Tubes 
(Alnico  magnet 
polarized) 

22 

CR  System 

HUSL 

1 

Discarded  because  of 
poor  patterns. 

Hebbphone — 1 

15 

12 

36 

Nickel  Laminations 
(current  polarized) 

21 

CR  &  ER 
Systems 

HUSL 

i 

First  successful  scanning 
sonar  transducer. 

Hebbphone — 2 

18 

18 

36 

Nickel  Laminations 
(current  polarized) 

22 

CR  System 

HUSL 

1 

Leaked  so  that  design 
was  discarded  and  HP- 
2B  built  from  same  lam¬ 
inated  stacks. 

Hebbphone — 215 

17  1/4 

18 

Nickel  Laminations 
(current  polarized) 

22 

CR  System 

HUSL 

i 

Vacuum  filled  with  cas¬ 
tor  oil. 

Hebbphone — 3 

4  stacks 
each  33A 
of  active 
face — total 
17^ 

48 

Nickel  Laminations 
Vinylite 
permanent — 
magnet  polarized 

27 

■ 

■ 

Shaded  vertically.  Tight 
rubber  boot,  castor  oil 
film  contact. 

Hebbphone — 3S 

171/4  at 
top— 21 
at  bottom 

4  stacks 
each  33A 
of  active 
face — total 
slant 
height 
1714 

48 

Nickel  Laminations 
p-m 

27 

Submarine 
ER  System 
(Topside) 

HUSL 

2 

6°  taper. 

Hebbphone — 3DS 

22.16 

2  stacks 
each  33A 
of  active 
face — total 
83/4 

48 

on 

270” 

Nickel  Laminations 
p-m 

27 

Preliminary 

depth 

scanning 

tests 

HUSL 

2 

No.  1  used  on  Cythera. 

Hebbphone — 4 

18 

Design  in¬ 
complete — 
like  HP-3 

36 

Nickel  Laminations 
p-m 

27.2 

Design  discarded  be¬ 
cause  of  too  high  value 
of  ka/N. 

Hebbphone — 5 

17L4 

4  stacks 
each  3V2 
of  active 
face — total 
16 

48 

Nickel  Laminations 
p-m 

25.5 

XQHA  (CR) 
System 

Sangamo 

Electric 

Company 

5  delivered 

Like  HP-3;  not  shaded. 

Hebbphone — 6 

64 

Nickel  Laminations 
p-m 

36 

ER  System 

Design  discarded;  lami¬ 
nations  too  delicate. 

Hebbphone — 7 

60 

Nickel  Laminations 
p-m 

32 

ER  System 

Design  discarded  in  fa¬ 
vor  of  48  elements. 

Hebbphone — 8 

14.7 

2  stacks 
each  3 
of  active 
face — total 
714 

48 

on 

270” 

Nickel  Laminations 
p-m 

38 

Depth 
scanning 
in  Integrated 
ASW  Type  B 
System 

HUSL 

4 

Under  construction. 

Hebbphone — 9 

48 

Nickel  Laminations 

31 

ER  System 

Design  incomplete. 

Ring  Ladderphone 

12 

10 

48 

Nickel  Laminations 
p-m 

(complete  ring) 

36 

Experimental 

Transducer 

HUSL 

1 

Under  construction. 

SP 

17.5 

14 

48 

Nickel  Laminations 
p-m 

28 

Design  discarded  for  in¬ 
sufficient  radiation  load¬ 
ing. 

*  As  ot  May  1945. 
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Table  2  ( Continued ) 

(Piezoelectric) 


Name 

Dimensions  of  active 
face  (in  inches) 

No.  of  ■ 
ele- 

Material  used  in 
elements 

Fre¬ 
quency 
(in  kc) 

Systems 
for  which 

Manu¬ 

facturer 

No.  of  units 
constructed* 

Remarks 

Diameter 

Height 

ments 

designed 

CPl-l  #770 

13!4 

153/8 

36 

45°  X-cut 
Rochelle  salt 

20 

UCDWR 

1 

Patterns  unsatisfactory. 

AX-89 

1514 

147/8 

36 

F-cut 

Rochelle  salt 

22 

CR  System 

Brush  De¬ 
velopment 
Company 

2 

One  damaged;  one  used 
experimentally. 

AX- 104 

714 

4 

36 

y-cut 

Rochelle  salt 

53 

Experimental 
ER  System 

Brush  De¬ 
velopment 
Company  j 

1 

Loan  from  NOL. 

AX-127 

1514 

12% 

48 

ADP  crystals 

26 

CR  or  ER 
System 

Brush  De-  ! 
velopment 
Company 

Order 

outstanding 

Interchangeable  with 
HP-3  or  HP-5.  Shaded. 

AX-132 

141/2  at 
top — 1634 
at  bottom 

10 

slant 

height 

48 

ADP  crystals 

32 

Submarine 
ER  System 
(Topside) 

Brush  De¬ 
velopment 
Company 

5 

No.  1  in  use;  poor.  No. 
2  good. 

AX- 136 
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10 

48 
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15 

6 

48 

on 

270° 

ADP  crystals 
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Brush  De¬ 
velopment 
Company 

Order 
outstanding 
for  4 

One  expected  May  15, 
1945. 

*  As  of  May  1945. 
t  Designed  for  32— actually  38. 


width  of  the  major  lobe,  which  is  the  principal  factor 
in  determining  directivity  ratio,  in  order  to  reduce 
the  minor  lobes  below  some  desired  value. 

The  time  delays  and  attenuations  of  each  of  the  N 
elements  are  given  in  Chapter  9.  It  is  found  that 
the  contribution  of  the  elements  at  the  sides  and  back 
of  the  transducer  is  small.  From  practical  considera¬ 
tions  concerning  the  compensating  networks  which 
introduce  the  attenuation  and  time  delay,  it  is  desir¬ 
able  to  use  as  few  elements  as  possible  in  forming  the 
beam.  It  has  been  found  in  practice  that  it  is  possible 
to  neglect  elements  which  contribute  15  to  20  db  less 
than  the  front  elements,  with  the  result  that  only  the 
front  120  degrees  or  so  of  the  transducer  is  used  in 
the  pattern  formation.  However,  this  neglect  must 
not  be  pushed  too  far,  since  it  may  introduce  rather 
high  broad  minor  lobes  around  the  side  at  90  to  120 
degrees  with  the  principal  direction. 

There  is  one  point  that  requires  emphasis  which 
has  not  been  mentioned  above.  It  was  pointed  out 
that  time  delay  networks  are  used  in  forming  the 
pattern.  These  time  delays  are  relatively  critical  in 
controlling  the  width  of  the  major  lobe.  It  is,  there¬ 
fore,  important  not  only  that  the  time  delay  networks 
be  constructed  accurately,  but  also  that  variations 
be  avoided  in  time  delay  introduced  in  the  signals 


before  the  pattern  is  formed.  This  accounts  for  the 
rather  stringent  requirements  mentioned  above  for 
the  uniformity  of  phasing  of  the  individual  elements 
of  the  transducer.  It  is  easier  to  obtain  uniformity 
in  phase,  which  requires  in  turn  uniformity  of  reso¬ 
nance  frequency  and  sharpness  of  resonance,  when 
the  resonance  is  relatively  broad.  There  are  also 
strict  requirements  on  the  uniformity  in  sensitivity 
of  the  elements  in  order  to  get  a  good  pattern. 

Considerations  such  as  the  above,  requiring  preci¬ 
sion  in  the  construction  of  the  elements  of  the  trans¬ 
ducer,  do  not  apply  so  strongly  to  ER  sonar  as  to  CR 
sonar.  This  is  because  ER  sonar,  as  designed  at  pres¬ 
ent,  does  not  make  optimum  use  of  phase  control  in 
forming  the  pattern.  Phase  control  is  referred  to  here, 
rather  than  time  delay  control,  because  a  lead  line  is 
used  in  ER  sonar.  This  means  that  the  best  obtain¬ 
able  pattern  for  ER  sonar  is  not  so  good  as  for  CR 
sonar;  in  fact,  in  the  present  state  of  development  the 
beam  is  50  per  cent  wider.  However,  it  still  may  be 
narrow  enough  for  certain  purposes. 

The  theory  of  pattern  formation  for  ER  sonar  is 
quite  different  from  that  for  CR  sonar.  All  the  ele¬ 
ments  are  connected  at  equal  intervals  to  a  lead  line 
which  has  a  certain  phase  lead  and  attenuation  per 
section.  Thus  each  point  on  the  lead  line  exhibits 
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not  only  the  signal  of  the  element  directly  connected 
to  the  point,  but  also  contributions  from  the  signals 
from  all  the  other  elements  after  they  have  been 
phase-led  and  attenuated  by  the  network.  Finally, 
combining-circuits,  actuated  by  a  switching  pulse, 
add  the  signals  appearing  at  nearby  junction  points 
in  certain  proportions.  The  controllable  parameters 
which  determine  the  final  patterns  are,  therefore, 
the  shape  of  the  switching  pulse  and  the  constants 
of  the  lead  line. 

2  9  COMMUTATOR  DESIGN 

CONSIDERATIONS 

2-91  General  Considerations  Concerning 
CR  versus  ER  Commutators 

The  possibility  of  securing  a  beam  pattern  from  a 
multielement  cylindrical  type  of  transducer  and  the 
manner  in  which  this  is  accomplished  has  been  dis¬ 
cussed  in  the  previous  section.  To  rotate  the  direction 
of  the  beam  of  sensitivity,  when  the  transducer  is 
fixed  in  position,  necessitates  a  switching  device 
which  in  general  has  as  many  switching  elements  as 
there  are  elements  around  the  periphery  of  the  trans¬ 
ducer.  There  are  two  general  methods  by  which  this 
rotation  may  be  produced:  (1)  by  use  of  a  mechani¬ 
cally  rotating  device,  or  (2)  by  use  of  electronic  cir¬ 
cuits. 

Where  beam  rotation  is  performed  by  mechanical 
means,  as  with  the  capacitive  commutator,  the  mini¬ 
mum  length  of  the  pulse  is  determined  in  practice  by 
the  maximum  allowable  speed  of  the  commutator 
rotor,  which  in  turn  is  limited  by  mechanical  stresses 
in  the  rotating  parts.  In  the  present  state  of  develop¬ 
ment,  the  scanning  speed  is  limited  to  30  rps  with  a 
capacitive  commutator  but  it  seems  likely  that  either 
an  inductive  or  capacitive  commutator  could  safely 
be  rotated  at  considerably  higher  speed.  With  elec¬ 
tronic  rotation  scanning,  a  much  higher  scanning 
speed  can  be  obtained  readily  with  a  correspond¬ 
ingly  shorter  transmitted  pulse.  With  short  pulses, 
however,  aural  identification  of  echo  signals  by  use 
of  a  listening  channel  is  almost  impossible,  since  little 
semblance  of  a  tone  is  produced.  The  advantages 
derived  from  identification  of  targets  by  doppler  ef¬ 
fect  are,  therefore,  lost. 

Although  CR  scanning  presents  problems  in  me¬ 
chanical  design  of  the  capacitive  or  inductive  com¬ 
mutator,  it  is  the  more  simple  and  direct  means  of 


beam  rotation.  Once  made,  the  commutator  requires 
little  maintenance  and  is  very  reliable  in  its  opera¬ 
tion.  In  the  ER  system  no  mechanical  rotating  parts 
are  necessary,  which  is  an  advantage.  A  large  number 
of  circuit  elements  are  required,  however,  including 
varistors  or  vacuum  tubes.  Varistors  particularly  are 
subject  to  failure  and  require  close  maintenance. 
The  ER  system  has  the  advantage  of  higher  signal-to- 
reverberation  ratio  because  of  its  short  transmitted 
pulse. 

2-9-2  Capacitive  or  Inductive  Commutators 

With  a  cylindrical  transducer  having  48  elements 
evenly  spaced  around  its  periphery,  it  would  be  pos¬ 
sible  to  form  a  receiving  beam  in  any  one  of  the  48 
positions  by  use  of  a  simple  48-position  switch  to  con¬ 
nect  the  respective  transducer  elements  to  the  proper 
points  in  the  beam-forming  network.  However,  as 
the  beam  could  be  formed  only  in  these  integral  posi¬ 
tions,  the  bearing  of  an  echo  source  could  be  deter¬ 
mined  only  to  within  7.5  degrees.  Since  bearing 
accuracies  of  1  degree  or  better  are  demanded,  and 
it  is  impractical  to  build  transducers  with  a  very 
large  number  of  staves,  a  means  of  rotating  the  beam 
and  at  the  same  time  preserving  the  pattern  between 
integral  angular  positions  is  necessary.  This  require¬ 
ment  necessitates  the  use  of  capacitive  or  inductive 
coupling  methods.  Both  are  practical,  though  the 
capacitive  type  has  been  used  in  all  the  develop¬ 
mental  scanning  sonars. 

It  is  necessary  that  proper  impedance  matching  be 
obtained  between  the  transducer  and  the  beam-form¬ 
ing  network.  Where,  for  example,  the  high  imped¬ 
ance  capacitive  commutator  is  used,  transformers 
with  high  impedance  secondaries  are  needed. 

The  beam-forming  network  must  introduce  into 
the  signals  from  the  respective  transducer  elements 
time  lags  which  compensate  for  those  occurring  in 
the  water.  Figure  14  shows  that  sound  having  a  wave 
front  parallel  to  AA,  which  is  drawn  at  the  time  this 
wave  front  reaches  the  forward-looking  transducer 
segments  1L-1R,  arrives  at  2L-2R,  3L-3R,  and  4L-4R 
at  increasingly  later  times.  By  introducing  no  lags  in 
the  outputs  from  4L-4R  and  appropriately  increasing 
lags  in  the  outputs  from  3L-3R,  2L-2R,  and  1L-1R, 
the  signals  from  all  elements  are  brought  together  in 
phase  to  the  receiver.  As  a  result,  the  signal  to  the  re¬ 
ceiver  is  that  which  would  have  been  obtained  from 
a  flat-face  transducer  whose  elements  are  on  the  line 


CONFIDENTIAL 


COMMUTATOR  DESIGN  CONSIDERATIONS 


51 


SOUND 


Figure  14.  Basic  principle  of  CR  beam  formation. 


BB.  The  amplitude  of  this  signal  varies  with  change 
in  the  direction  of  the  incident  sound  very  much  as  it 
would  from  such  a  flat-face  transducer.  Also,  as  in  the 
case  of  a  flat-face  transducer,  reduction  of  minor  lobes 
in  the  beam  pattern  is  obtained  by  proper  control  of 
the  amplitudes  of  the  signals  from  the  various  trans¬ 
ducer  elements. 

The  output  of  the  beam-forming  network  must  be 
fed  to  the  receiver  through  a  coupling  that  allows  ro¬ 
tation.  When  this  has  been  done,  the  signal  has  all 
characteristics  of  that  from  a  flat-face  transducer 
which  faces  in  a  direction  determined  by  the  position 
of  the  commutator  rotor. 

Development  to  date  has  been  devoted  almost  ex¬ 
clusively  to  the  capacitive  commutator,  and  the 
further  discussion  of  design  considerations  are  based 
on  this  type.  Signals  from  the  individual  transducer 
elements  are  fed  to  an  equal  number  of  capacitive 
plates  arranged  in  a  circle,  called  the  stator,  which 
are  faced  by  an  identical  set  of  plates  mounted  on  a 
rotor.  The  beam-forming  network  or  lag  line  is  con¬ 
nected  to  a  certain  number  of  these  rotor  plates.  As 
the  plates  form  an  arrangement  of  capacitors  and  do 
not  touch,  interpolation  is  obtained  as  the  rotor  is 
turned  from  one  in-register  position  to  the  next; 
that  is,  the  beam  is  rotated  smoothly  and  continu¬ 
ously  by  movement  of  the  rotor  with  only  slight 
changes  in  pattern  shape. 

Limitations  of  mechanical  design  preclude  the  pos¬ 
sibility  of  obtaining  capacitances  between  pairs  of 
rotor  and  stator  elements  much  greater  than  about 
100  pp.f.  Consequently,  with  operating  frequencies  in 
the  range  from  20  to  40  kc,  the  commutator  intro¬ 


duces  a  reactance  of  80,000  to  40,000  ohms  into  each 
signal  channel.  It  is,  therefore,  essentially  a  high  im¬ 
pedance  device.  Since  a  magnetostriction  transducer 
has  a  low  impedance  per  element  (20  to  200  ohms), 
and  the  high  impedance  of  a  piezoelectric  crystal 
transducer  element  must  be  transformed  down  to  a 
similarly  low  impedance  to  avoid  cable  loss,  input 
transformers  are  desirable  for  proper  matching  of 
circuit  impedances. 

The  equivalent  circuit  for  any  one  channel  from 
magnetostrictive  transducer  element  to  beam-form¬ 
ing  network  is  shown  in  Figure  15.  Rc  is  the  resistance 
of  the  network  as  seen  from  any  rotor  capacitor  plate. 
At  its  resonant  frequency  the  electrical  £)  of  a  mag¬ 
netostrictive  transducer  element  is  generally  in  the 
neighborhood  of  2.  The  transmitting  capacitor, 
which  during  the  receiving  period  is  in  parallel  with 
the  transducer,  is  usually  of  such  value  that  the  over¬ 
all  Q  of  the  combination  is  near  unity.  If  the  trans¬ 
former  leakage  inductance  is  small,  the  value  of  Rc 
should,  therefore,  be  of  the  same  magnitude  as  the 
capacitive  reactance  of  the  commutator.  This  follows 
from  the  fact  that  the  beam-forming  network  is  an 
energy  sink,  and  to  transfer  maximum  power  from 
the  transducer  element  to  this  network,  the  imped¬ 
ances  Z,  and  Z2  must  be  complex  conjugates. 

Figure  16  shows  the  method  of  feeding  the  echo 
signals  into  the  beam-forming  network,  which  is  a 
shunt-fed  lag  line.  The  series  resistances  R'  are  re¬ 
quired  to  attenuate  the  signals  by  certain  amounts 
(see  Chapter  6)  to  aid  in  the  beam  formation.  The 
shunt  resistances  R"  are  adjusted  to  give  uniform 
values  of  the  input  resistance  Rc  as  seen  from  the 
rotor  plates. 

All  the  rotor  elements  are  not  connected  to  the 
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Figure  15.  Equivalent  circuit  for  one  CR  element 
channel. 
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Figure  16.  Method  of  feeding  signals  into  lag  line. 


beam-forming  network.  Usually  an  even  number  of 
elements,  called  active  elements,  covering  about  120 
degrees  of  the  transducer  periphery  are  used  to  feed 
signals  into  the  lag  line.  The  number  is  determined 
largely  by  the  following  consideration:  If  it  is  desired 
to  keep  all  minor  lobes  below  —20  db,  enough  rotor 
elements  should  be  used  so  that  the  last  one  has  a 
total  attenuation  of  about  20  db.  By  total  attenuation 
is  meant  that  given  by  the  pattern  of  the  individual 
transducer  stave  together  with  the  attenuation  pro¬ 
duced  in  the  shading  network  (see  Chapter  9).  By 
using  an  even  number  of  active  rotor  elements,  the 
maximum  sensitivity  of  the  beam  occurs  in  the  direc¬ 
tion  of  the  center  of  the  circular  arc  occupied  by  these 
elements  and  their  corresponding  transducer  staves 
when  the  rotor  and  stator  elements  are  in  register. 
For  those  signal  channels  which  are  not  connected  to 
the  lag  line,  the  rotor  plates  should  be  terminated  to 
ground  by  a  resistance  equal  to  Rc. 

It  is  obvious  that  the  various  signal  channels  from 
the  transducer  cable  junction  box  to  the  commutator 
—48  in  number  if  a  48-element  transducer  is  used- 
should  have  as  uniform  characteristics  as  possible. 
The  input  transformers  should  be  tested  individ- 
ally  to  within  close  limits  for  uniformity  of  phase- 
shift  and  voltage-ratio  characteristics.  They  should 
be  located  close  to  the  commutator  stator  so  that  not 
more  than  one  or  two  inches  of  lead  is  needed  to  con¬ 
nect  the  high  potential  end  of  any  one  secondary  to 
its  stator  element.  Transformers  having  electro¬ 
shields  between  windings  should  be  used,  and  the 
shields  should  be  connected  to  the  ground  return  of 
the  secondaries.  All  leads  should  be  kept  as  short  as 


possible;  the  high  impedance  leads  should  be  well 
shielded  electrostatically  and  the  low  impedance  cir¬ 
cuits  well  protected  from  magnetic  pickup  by  the 
use  of  twisted  leads.  The  ground  connection  on  the 
lag  line  itself  should  not  be  made  to  the  case  or  any 
metal  part  of  the  rotor  shaft  but  should  be  made 
through  a  slip  ring  insulated  from  the  shaft;  it 
should  make  its  first  connection  to  the  chassis  or 
frame  of  the  commutator  at  the  input  terminal  of 
the  preamplifier.  A  slip  ring  should  be  connected  to 
the  rotor  shaft  and  grounded  through  a  brush  to  the 
commutator  frame  with  as  short  a  lead  as  possible. 
This  is  to  prevent  noise  arising  in  the  rotor  bearing 
from  becoming  mixed  with  the  signal  output  of  the 
lag  line.  The  whole  stator  and  rotor  combination 
itself  should  be  enclosed  in  an  electrostatic  shield. 
The  commutator  should  be  kept  free  from  strong  a-c 
magnetic  fields  when  installed,  since  it  is  possible  to 
generate  an  appreciable  output  because  of  the  rotat¬ 
ing  lag  line  cutting  this  field. 

In  designing  the  beam-forming  lag  line,  it  is  prefer¬ 
able  to  use  a  low-pass  filter  section  whose  phase  shift 
is  approximately  a  linear  function  of  frequency,  to 
match  that  which  occurs  in  the  water.  The  type  of 
section  is  somewhat  arbitrary;  however,  the  bridged- 
T  type,  discussed  in  Chapter  6,  has  been  used  with 
considerable  success.  Toroidal  coils  using  powdered 
molybdenum-permalloy  cores  are  recommended  for 
the  inductive  elements  of  the  filter  section.  The  line 
should  be  terminated  at  both  ends  in  resistances 
which  allow  no  energy  reflection  to  take  place  at  the 
center  operating  frequency  of  the  system.  If  the  filter 
sections  have  been  properly  designed,  this  termina¬ 
tion  should  remain  satisfactory  over  the  sonar  fre¬ 
quency  range. 

Considerable  latitude  in  the  choice  of  line  impe¬ 
dance  is  possible.  In  general,  it  should  have  as  high 
an  image  impedance  as  may  be  practical.  However, 
an  upper  limit  of  approximately  15,000  ohms  is  im¬ 
posed  by  stray  capacitance  effects,  since  in  a  high 
impedance  line  a  few  ju/if  of  stray  capacitance  be¬ 
tween  a  coil  junction  and  ground  may  cause  too  great 
a  change  in  the  phase  shift  of  a  section.  In  selecting 
the  line  impedance,  factors  other  than  the  stray  ca¬ 
pacitance  must  also  be  considered.  If  the  line  impe¬ 
dance  is  high,  then  the  effective  resistances  shunted 
across  the  line  at  the  signal-injection  points  become 
relatively  low,  and  an  excessive  diminution  of  signal 
along  the  line  results.  On  the  other  hand,  if  the  line 
image  impedance  is  made  small  compared  to  the 


CONFIDENTIAL 


COMMUTATOR  DESIGN  CONSIDERATIONS 


53 


value  of  Rc,  then  only  a  small  percentage  of  the  echo 
signal  appearing  across  Rc  is  impressed  across  the  line 
at  the  injection  point.  The  choice  of  line  impedance 
is,  therefore,  a  compromise  between  these  two  con¬ 
flicting  factors.  Equations  for  calculating  R'  and  R" 
for  chosen  values  of  image  impedance  Rc  and  ampli¬ 
tude  shading  are  given  in  Chapter  6. 

Signals  from  transducer  staves  equidistant  from 
the  head-on  point  may  be  applied  to  the  lag  line  at 
the  same  injection  point,  or  twin  lag  lines  may  be 
used.  In  the  second  case,  the  two  lines  are  terminated 
on  each  other  at  their  output  ends,  the  output-signal 
lead  being  connected  to  their  common  junction 
point.  This  method  results  in  half  the  bridging  loss 
that  occurs  in  the  double-fed  single  lag  line,  but  twice 
the  number  of  inductors  and  capacitors  are  needed, 
as  well  as  more  space  in  the  rotor.  However,  where 
right-  and  left-steered  output  channels  are  needed  for 
BDI,  the  twin-line  construction  is  necessary,  and 
either  separate  terminations  are  required  or  an  extra 
section  must  be  inserted  for  the  BDI  comparison. 

Once  the  phase  lags  necessary  to  form  the  beam 
pattern  have  been  determined,  the  question  of  phase 
lag  per  line  section  and  the  number  of  sections  must 
be  considered.  Fortunately,  the  phase  delays  required 
for  the  signals  from  the  first  four  or  five  transducer 
staves  away  from  the  head-on  point  are  almost  exact 
multiples,  so  that  uniform  sections  can  be  used. 
Those  for  successive  elements  do  not  follow  this 
simple  progression,  however,  and  the  designer  is 
faced  by  the  problem  of  finding  the  proper  sized  sec¬ 
tions  to  fit  the  phasing  requirements.  One  of  the  two 
following  procedures  may  be  used;  either  the- line 
may  be  designed  using  uniform  sections  throughout 
with  the  phase  shift  per  section  selected  to  fit  the 
overall  phasing  requirements  as  nearly  as  possible, 
or  different  sized  sections  may  be  used  to  meet  the  re¬ 
quirements  in  a  more  exact  manner.  The  first  method 
has  several  advantages  from  the  manufacturing  point 
of  view,  but  in  general  does  not  yield  quite  so  good  a 
pattern  in  terms  of  minor  lobe  reduction  as  the  sec¬ 
ond.  Past  experience  seems  to  indicate  that  a  ±  5  per 
cent  tolerance  in  meeting  the  phase  requirements  at 
each  injection  point  is  permissible.34 

If  different  sized  sections  are  used,  they  should  be 
designed  to  make  the  image  impedance  the  same  for 
each  to  avoid  energy  reflection  at  their  junction 
points.  This  means  that  the  cutoff  frequency  of  each 
section  should  be  several  times  greater  than  the  oper¬ 
ating  frequency;  preferably  eight  or  nine  times  larger. 


In  selecting  lagline  elements,  coils  should  be  trimmed 
to  within  at  least  ±  1  per  cent  of  the  specified  in¬ 
ductance  at  the  expected  operating  frequency.  The 
capacitors  also  should  be  selected  to  within  the  same 
tolerance.  The  terminating  resistances  at  both  ends 
of  the  line,  after  their  values  have  been  determined 
experimentally,  should  be  selected  to  within  ±  1  per 
cent  of  the  proper  values. 

The  quality  of  the  beam  pattern  is  more  sensitive 
to  deviations  in  phase  shift  at  the  injection  points 
than  to  deviations  in  signal  amplitude.  For  this  rea¬ 
son  it  appears  permissible  to  use  5  per  cent  RMA  re¬ 
sistors  in  the  shading  network  for  the  resistances  R' 
and  R"  in  Figure  16. 

It  was  early  suggested  that  the  quality  of  the  pat¬ 
tern  in  the  interregister  positions  of  the  commutator 
could  be  improved  by  increasing  the  number  of  rotor 
segments  and,  therefore,  the  number  of  points  at 
which  signals  are  fed  into  the  lag  line.  From  the 
standpoint  of  lag-line  design,  this  is  not  difficult;  the 
main  limitations  lie  in  the  mechanical  design  prob¬ 
lems  associated  with  increasing  the  number  of  rotor 
segments. 

The  output  signal  of  the  lag  line  must  be  brought 
out  of  the  commutator  rotor  by  means  of  some  type  of 
ring  arrangement.  If  a  contact  type  of  slip  ring  is 
used,  ring  material  and  brush  material  should  be 
such  that  together  they  have  an  extremely  low  con¬ 
tact  resistance.  With  proper  design  and  adjustment 
of  brush  pressure,  the  noise  due  to  commutator  rota¬ 
tion  can  be  kept  quite  small,  particularly  if  the  slip 
ring  is  not  required  to  carry  appreciable  current. 
There  is  always  a  tendency  for  slip  rings  to  become 
noisy  under  service  conditions.  Nonconductive  slip 
rings,  either  capacitive  or  inductive,  are  free  from 
this  trouble. 

Since  the  circuit  from  the  lag  line  to  the  preampli¬ 
fier  is  a  high  impedance  channel,  the  preamplifier 
must  be  mounted  directly  on  the  commutator  or  as 
close  to  it  as  possible.  Design  requirements  for  the 
preamplifier  are: 

1.  Internal  noise  level  less  than  thermal  noise  from 
the  input  impedance. 

2.  Low  output  impedance. 

3.  Gain  reasonably  independent  of  line  voltage 
fluctuations  and  tube  changes. 

4.  Amount  of  gain  and  frequency  response  in  ac¬ 
cordance  with  design  of  receiving  portion  of  system. 
(This  may  or  may  not  involve  selectivity  in  the  pre¬ 
amplifier.) 
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When  dual  preamplifiers  are  needed  for  BDI  ap¬ 
plication,  the  requirements  are  more  stringent.  In 
addition  to  those  already  listed,  these  are: 

5.  Gain  of  the  two  channels  must  be  the  same,  and 
remain  the  same  with  line  voltage  fluctuations,  and 
tube  changes. 

6.  Differential  phase  shift  between  the  two  chan¬ 
nels  must  be  very  small,  and  remain  small  with  line- 
voltage  fluctuations  and  tube  changes,  over  the  oper¬ 
ating  frequency  range. 

The  requirements  in  the  first  set  are  not  difficult  to 
meet  with  simple  circuits,  and  those  in  the  second  set 
may  be  satisfied  if  negative  feedback  is  used.  Detailed 
descriptions  of  suitable  designs  used  are  given  in 
Chapter  6. 

Mechanical  Considerations 

The  spacing  between  the  rotor  and  stator  capacitor 
segments  is  a  function  of  their  size  and  the  required 
capacitance;  experience  indicates  that  the  capacitive 
relation  between  the  two  sets  of  segments  should  be 
uniform  to  within  ±12  per  cent  of  the  total  value. 
This  corresponds  to  a  ±12  per  cent  variation  in  the 
air  gap  between  the  rotor  and  stator  and  includes 
both  the  overall  variation  in  gap  between  the  various 
rotor  segments  and  their  corresponding  stator  seg¬ 
ments  when  the  rotor  is  stationary,  and  the  variation 
as  a  single  rotor  segment  is  moved  from  segment  to 
segment  of  the  stator.  These  capacitor  segments  may 
be  of  any  material  as  long  as  they  are  conducting, 
corrosion-resistant,  and  mounted  so  that  they  can  be 
rotated.  One  method  of  meeting  the  requirements  in¬ 
volves  cementing  steel  plates  to  an  insulating  disk 
and  cutting  the  steel  into  segments.  There  are  other 
methods,  but  to  date  the  most  successful  is  based  on 
spraying  and  firing  silver  on  the  flat  face  of  a  circu¬ 
lar  insulator.  The  insulator  itself  can  be  any  material 
which  meets  the  requirements  listed  in  Chapter  5, 
but,  in  general,  a  ceramic  or  glass  seems  to  be  the  most 
satisfactory.  Also  in  Chapter  5  is  a  discussion  of  the 
materials  and  metallizing  methods  tried  at  HUSL. 

Two  forms  of  commutators  have  been  tried;  the 
plate  form,  in  which  the  segments  are  located  on  flat 
disks,  and  the  cylindrical  form,  in  which  the  segments 
are  located  on  two  concentric  cylinders  (see  Chap¬ 
ter  5).  These  plates  or  cylinders  must  be  nonconduct¬ 
ing  and  strong  enough  to  stand  a  high  rotation  speed. 
In  addition,  it  must  be  possible  to  machine  or  grind 
them  accurately  and  to  mount  them  so  that  the  air 


gap  between  the  stator  and  rotor  is  uniform,  as  de¬ 
scribed  above. 

High  rotation  speed  is  desirable  from  the  electrical 
standpoint,  but  is  limited  mechanically.  Large  plates 
are  needed  to  secure  the  required  capacitances  of 
about  100  yti/xf  between  pairs  of  segments,  but  the 
smaller  the  plate,  the  faster  it  can  safely  be  rotated. 
The  maximum  rotation  speed  that  has  been  used  is 
1,800  rpm.  It  is  possible  that  this  can  be  increased 
when  better  plate  materials  and  mounting  methods 
are  found,  and  possibly  the  cylindrical  commutator 
could  safely  be  rotated  at  a  faster  rate. 

Fairly  small  plates  can  be  made  to  meet  both  the 
electrical  and  the  mechanical  requirements  if,  in¬ 
stead  of  one  rotor  and  one  stator,  two  or  more  of  each 
are  connected  in  parallel.  Tolerances  on  the  uniform¬ 
ity  of  air  gap  may  be  relaxed  if  the  rotating  segments 
are  connected  in  parallel  and  rotate  between  the  sta¬ 
tionary  segments,  which  are  likewise  connected  in 
parallel.  In  this  case  a  decrease  in  capacitance  on  one 
side  is  accompanied  by  an  approximately  correspond¬ 
ing  increase  on  the  other.  However,  use  of  more  than 
two  plates  has  been  found  to  complicate  both  manu¬ 
facture  and  assembly  to  such  an  extent  that  quantity 
production  does  not  appear  practical  for  commuta¬ 
tors  of  this  type.  Using  a  single  rotor  and  single  stator 
seems  better,  but  as  the  active  segment  area  is  de¬ 
creased,  the  air  gap  must  also  be  decreased  to  main¬ 
tain  the  100  jx/xi  capacitance.  The  allowable  variation 
in  gap  then  decreases  correspondingly,  and  a  fairly 
definite  practical  limit  is  reached.  As  a  compromise 
between  these  opposing  electrical  and  mechanical  re¬ 
quirements,  an  air  gap  of  0.0035  inch  and  two  plates, 
1 1  inches  in  outside  diameter  and  43^  inches  inside 
segment  diameter,  are  being  used  by  the  Sangamo 
Electric  Company  for  the  XQHA  commutators. 
These  have  proved  satisfactory.  All  plate  form  com¬ 
mutators  made  at  HUSL  have  had  double  stators  and 
rotors  connected  in  parallel,  as  described  above,  with 
an  air  gap  of  0.005  inch. 

Both  the  rotor  and  stator  may  have  electric  con¬ 
nections  to  the  individual  capacitor  segments.  Two 
of  the  many  possible  methods  of  doing  this  have 
proved  reasonably  satisfactory  in  practice.  Both  of 
these  are  based  on  using  fired  silver  coatings  for  the 
capacitive  segments  (see  Chapter  5),  the  silver  being 
carried  through  holes  in  the  plates  or  cylinders.  In 
one  case,  banana  plugs  are  inserted  into  these  holes, 
and  in  the  other,  bushings  are  soldered  into  the  holes 
and  leads  soldered  into  the  bushings.  In  general,  it  is 
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felt  that  the  positive  connection  given  by  soldering  is 
preferable  to  the  banana  plug  method,  but  some  dif¬ 
ficulties  have  been  encountered  in  making  sure  the 
bushings  do  not  pull  out. 

Signals  must  be  brought  off  the  rotating  section  of 
the  commutator,  and  two  methods  have  been  tried  to 
date:  (1)  slip  rings  and  brushes  and  (2)  capacitive 
rings  on  rotor  and  stator.  Experience  at  HUSL  indi¬ 
cates  that  slip  rings  may  be  made  of  coin  silver,  or  of 
some  material  with  similar  properties,  but  should  be 
kept  small  so  that  the  surface  speed  is  low.  Brushes 
should  be  of  hard  long-wearing  low-dusting  quality. 
Preforming  of  the  contact  area  to  the  curvature  of  the 
slip  rings  seems  of  value  in  reducing  noise.  Low  brush 
pressure  and  the  use  of  several  brushes  in  parallel  on 
each  ring  also  seems  desirable.  Brushes  with  contact 
areas  of  a  silver-graphite  compound  have  proved 
quite  satisfactory  for  test  commutators,  but  there  is 
still  considerable  doubt  as  to  how  long  they  can  stand 
up  and  remain  quiet  under  continuous  operation. 

A  better  method  from  many  standpoints  involves 
no  rubbing  parts  and  requires  only  that  a  set  of  rings 
be  rotated  close  to  a  similar  stationary  set,  these  being 
made  the  electrodes  of  a  capacitor.  The  capacitive 
output  introduces  no  electrical  noise,  and  of  course 
is  excellent  for  continuous  operation.  This  method, 
however,  introduces  the  mechanical  complications  of 
mounting  a  second  set  of  insulating  plates  and  main¬ 
taining  a  second  small  air  gap.  In  this  case,  though, 
constancy  of  air  gap  is  not  so  critical  as  that  on  the 
input  end,  and  the  gap  does  not  need  to  be  so  small, 
a  gap  of  0.008  inch  having  been  used  successfully. 
There  are  many  possibilities  for  simplifying  this  ca¬ 
pacitive  output  method,  and  it  is  also  possible  that 
the  output  could  be  taken  off  the  lag  line  induc¬ 
tively.0  For  several  reasons  it  is  simpler  to  place  the 
lag  line  within  the  rotating  member.  A  stationary  lag 
line  might  prove  as  satisfactory  as  the  rotating  one, 
but  only  one  commutator  has  been  built  this  way  to 
date.  This  method  simplifies  commutator  construc¬ 
tion  by  reducing  the  number  of  parts  which  must  be 
mounted,  balanced,  and  rotated,  but  complicates  it 
by  requiring  the  number  of  output  slip  rings  or  ca¬ 
pacitive  or  inductive  couplings  to  be  equal  to  the 
number  of  active  rotor  elements.  This  is  a  function 
of  the  total  number  of  elements  of  the  transducer;  for 
some  of  the  transducers  as  many  as  22  rings  are  re- 


°  For  a  more  complete  discussion  of  the  possible  methods  of 
accomplishing  this,  see  Chapter  10. 


quired.  If,  on  the  other  hand,  the  lag  line  is  rotated, 
only  three  output  rings  are  needed  with  a  double  line 
and  only  two  with  a  single  line.  This  is  a  decided  me¬ 
chanical  advantage.  Commutators  of  this  type  are 
discussed  in  Chapter  5. 

Other  Miscellaneous  Design  Considerations 

The  initial  assembly  should  be  as  simple  and  fool¬ 
proof  as  possible.  Once  the  components  are  mounted 
and  aligned,  they  should  be  pinned  in  place  so  that 
alignment  can  be  regained  if  the  commutator  has  to 
be  taken  apart.  The  possibility  of  servicing  the  com¬ 
mutator  or  replacing  parts  away  from  the  factory, 
while  desirable,  has  not  been  found  practical  in  de¬ 
signs  used  thus  far. 

The  fact  that  the  commutator  must  be  designed  for 
continuous  operation  is  important.  It  must  be  pro¬ 
tected  from  salt  spray,  be  as  corrosion-resistant  as  pos¬ 
sible,  and  be  shock-mounted. 

If  the  commutator  output  is  to  be  through  slip 
rings,  rather  than  through  capacitive  or  inductive 
coupling,  it  must  be  possible  to  remove  and  replace 
the  brushes  without  disassembling  the  entire  com¬ 
mutator. 

For  ease  of  manufacture,  the  scanning  and  listen¬ 
ing  commutators  should  be  as  much  alike  as  possible. 
The  most  serious  difficulty  in  manufacturing  capaci¬ 
tive  commutators  is  to  maintain  the  required  close 
tolerances  in  quantity  production.  Of  course,  good 
bearings  and  carefully  fitted  parts  are  required,  but 
aside  from  special  provisions  for  mounting  and  han¬ 
dling  the  fragile  plates  or  cylinders,  there  is  nothing 
in  the  commutators  which  cannot  be  made  by  normal 
precision  methods. 

2.9.3  Electronic  Rotation  Commutators 

Electronic  Considerations 

In  order  to  achieve  scanning  speeds  of  200  rps  and 
higher,  it  is  necessary  to  use  some  electronic  method 
of  rotation.  Electronic  rotation  is  accomplished  in 
two  steps  as  follows: 

1.  A  number  of  fixed  beams  of  sensitivity  are 
formed  by  compensating  networks  connected  to  a 
multielement  transducer  and  are  brought  out  to  a 
number  of  terminals.  For  example,  in  the  ER  sub¬ 
marine  sonar,  each  one  of  a  set  of  48  terminals  is  con¬ 
nected  by  sections  of  a  lead  line  to  the  elements  of  the 
48-element  transducer,  as  indicated  in  Figure  17. 

2.  Electronic  switches  are  connected  to  the  ter- 
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LEAD  OUTPUT 

CRYSTAL  LINE  TRANSFORMER 


Figure  17.  ER  sonar  rotor  (simplified). 


minals,  as  shown,  and  are  operated  in  cyclic  order  so 
that  the  receiver  is  connected  to  each  of  the  numbered 
terminals  in  succession,  thus  producing  the  effect  of  a 
rotating  beam.  Smooth  rotation  is  produced  by  oper¬ 
ating  adjacent  switches  in  various  proportions;  this 
also  affects  the  shape  of  the  rotating  beam. 

The  simplest  form  which  the  compensating  net¬ 
works  can  take  is  a  single  lead-line  ring  in  which  the 
transducer  segments  form  parts  of  the  shunt  elements. 
Such  lines  are  described  in  a  brief  manner  earlier  in 
Chapter  2,  and  more  fully  in  Chapters  7  and  9.  Opera- 

INPUT  FROM 


Figure  18.  Sample  diode  switch. 


tion  of  the  electronic  switches  is  controlled  by  appli¬ 
cation  of  appropriate  voltage  pulses.  These  switching 
pulses  are  applied  cyclically  to  the  respective  elec¬ 
tronic  switches,  their  shapes  determining  the  nature 
of  the  combination  of  signals  from  the  various  points 
on  the  lead  line.  In  order  to  obtain  such  cyclic  pulses 
it  is  convenient  to  use  a  lag  line  down  which  a  pulse 
of  the  desired  shape  travels,  and  to  obtain  the  switch¬ 
ing  voltages  from  equally  spaced  points  on  this  line. 

The  switches  indicated  in  Figure  17  are  of  the 
series  type  and  may  be  rectifiers  such  as  vacuum  tube 
diodes  or  varistors,  or  they  may  be  multielement 
vacuum  tubes  such  as  triodes  or  pentodes.  Figure  18 
shows  a  sample  circuit  to  illustrate  the  action  of  a 
diode  switch.  Figure  19  shows  a  circuit  of  the  lag  line 
for  use  with  diode  switches.  This  line  is  not  in  the 
form  of  a  ring  and  in  order  to  insure  that  there  is  no 
gap  or  overlap  in  the  motion  of  the  receiving  beam,  it 
is  necessary  that  the  total  delay  of  the  line  be  equal  to 
the  period  of  rotation  of  the  sweep.  This  represents  a 
phase  shift  of  360  degrees  or  one  wavelength  of  the 
fundamental  component  of  the  switching  wave.  If 
simple  sine  waves  are  used  for  switching,  any  desired 
type  of  delay  line  may  be  used,  subject  only  to  the  re¬ 
striction  that  the  delay  of  the  individual  section  is 
such  as  to  make  the  total  length  of  N  identical  sec¬ 
tions  equal  to  one  rotation  period,  where  N  is  the 
number  of  switching  elements. 

The  use  of  sine  waves  for  switching  is  desirable  for 
many  reasons;  however,  the  actual  switch  conduction 
pulse  must  have  a  width  considerably  less  than  the 
180  degrees  provided  by  the  sine  wave.  Pulse  width 
has  an  important  effect  on  the  beam  formation  and  is 
usually  chosen  between  30  and  50  degrees.  If  it  is  too 
narrow,  the  beam  jumps  from  one  position  to  the 
next;  if  it  is  too  wide,  the  beam  is  unnecessarily 
widened.  The  sine  wave  is  converted  to  a  short  con¬ 
duction  pulse  by  resistor-capacitor  combinations. 
The  resistor  may  be  a  separate  component  (see  Figure 
19,  i?i)  or  the  back  resistance  of  the  switch  (see  Fig¬ 
ure  17,  switch) .  The  capacitor  (C3,  Figures  18,  19)  is 
charged  during  the  conduction  pulse  and  discharges 
for  the  rest  of  the  cycle.  Since  there  always  exists  a 
considerable  difference  between  the  forward  and  the 
back  resistance  of  any  sine  switch,  the  capacitor  ob¬ 
tains  and  holds  a  bias  which  in  effect  permits  the  peak 
of  each  sine  wave,  in  the  form  of  short  pulses,  to  be 
passed  by  the  switch.  The  individual  self-biasing  of 
each  element  switch  is  self-compensating,  so  that  the 
resulting  pulse  is  nearly  independent,  in  width  and 
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amplitude,  of  reasonably  small  changes  in  the  ampli¬ 
tude  of  the  sine  wave. 

An  alternative  method  of  switching  requires  pulses 
of  exactly  the  proper  shape  and  amplitude  of  the 
actual  conduction  pulse  to  be  sent  along  the  line. 
This  means  that  the  switching  line  must  pass  the  de¬ 
sired  pulse  without  appreciable  distortion;  in  gen¬ 
eral,  a  more  complex  line  is  necessary  to  pass  the 
requisite  harmonics  without  change  in  time  lag.  In 
addition,  this  system  imposes  a  more  stringent  re¬ 
quirement  on  the  uniformity  of  the  pulse  along  the 
line  because  of  the  absence  of  the  self-compensation 
feature.  While  not  recommended  in  the  present  state 
of  scanning  development,  such  methods  may  become 
desirable  when,  for  improved  beam  formation,  more 
precisely  shaped  switching  pulses  become  necessary. 

A  large  number  of  electrical  specifications  must  be 
met  in  constructing  a  commutator  of  the  ER  type. 
The  impedance  of  the  switching  line,  at  the  switch¬ 
ing  frequency,  must  be  low  enough  so  that  the  diodes 
do  not  load  the  line  and  attenuate  the  switching 
pulse.  For  the  same  reason  the  Q  of  the  coils  used 
must  also  be  high.  In  practice  a  total  attenuation  of 
li/2  db  down  the  full  length  of  the  line  has  not  been 
found  excessive  when  the  self-compensating  feature 
mentioned  above  is  used.  The  impedance  of  the 
transformer  which  matches  the  transducer  element 
into  the  switching  network  must  be  made  of  the  same 
order  of  magnitude  as  the  impedance  of  the  switching 
element  in  its  conducting  condition.  Since  the  in¬ 
ductance  of  this  transformer  forms  part  of  the  lead 
line,  this  inductance  must  be  taken  into  account 
when  calculating  the  lead  line  capacitances.  It  must 


be  remembered  that  the  act  of  switching  generates  a 
certain  amount  of  noise  and  it  is  desirable  to  have  the 
signal  level  as  high  as  possible  at  the  point  where  the 
switching  occurs;  at  the  present  time  these  switching 
transients  seem  to  be  the  greatest  single  source  of 
noise  in  the  system,  but  they  have  not  prevented  satis¬ 
factory  operation. 

The  amount  of  phase  shift  in  each  section  of  the 
lag  line  determines  the  relative  rate  of  rotation  of  the 
beam.  If  these  phase  shifts  are  not  all  equal,  the  beam 
rotates  faster  through  some  bearings  than  through 
others  and  the  bearing  indications  are  in  error.  All 
sections  of  the  line  must,  therefore,  be  as  nearly 
identical  as  possible.  In  practice,  3  per  cent  variations 
in  the  values  of  individual  components  may  be  toler¬ 
ated  without  causing  appreciable  error  in  the  bear¬ 
ing  measurements.  In  addition,  the  frequency  of  the 
oscillator  which  generates  the  switching  pulses  must 
always  be  such  that  the  total  phase  shift  of  the  switch¬ 
ing  line  is  360  degrees.  If  this  were  not  true,  there 
would  either  be  a  gap  in  the  bearing  indications  on 
the  PPI  scope  or  an  overlapping  region,  either  of 
which  would  cause  errors  in  the  bearing  deter¬ 
minations. 

A  frequency-discriminator  circuit  is  at  present  con¬ 
nected  to  the  switching  lag  line  to  give  a  positive  or 
negative  d-c  voltage  output  whenever  the  phase  shift 
differs  from  360  degrees.  This  correcting  voltage, 
through  a  reactance  tube,  controls  the  frequency  of 
the  oscillator  to  within  ±0.5  cycle.  The  synchroniza¬ 
tion  between  the  switching  frequency  and  the  fre¬ 
quency  of  the  sweep  on  the  PPI  scope  is  achieved  by 
using  the  same  oscillator  as  the  source  of  both  signals. 

As  the  receiving  beam  pattern  is  rotated,  its  ampli¬ 
tude  is  a  function  of  the  switching  elements.  When 
varistors  are  used  it  is  necessary  to  select  them  for  uni¬ 
formity  of  switching  amplitude  by  means  of  a  circuit 
similar  to  the  one  shown  in  Figure  18.  The  switching 
characteristics  of  diodes  are  usually  sufficiently  uni¬ 
form  so  that  no  selection  need  be  made. 

Mechanical  Considerations 

The  usual  considerations  of  reliability  apply  to  the 
ER  commutator  as  to  any  other  electronic  apparatus. 
For  one  particular  type  of  equipment  designed  for 
submarine  use  it  was  decided  to  install  the  commuta¬ 
tor  inside  the  transducer  because  of  the  difficulty  of 
obtaining  suitable  pressure  cable  with  a  large  num¬ 
ber  of  conductors.  For  this  purpose  varistors  were 
used  as  switching  elements  to  eliminate  the  necessity 
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of  furnishing  heater  current  for  diodes.  These  varis¬ 
tors  were  found  liable  to  breakdown  caused  by  tran¬ 
sients  during  the  transmitted  pulse,  but  it  was  found 
that  they  could  be  protected  by  using  48  small  neon 
tubes  to  couple  the  transducer  elements  to  the  trans¬ 
mitter. 

The  receiving  transformer  primaries  were  con¬ 
nected  across  the  neon  tubes;  consequently,  the  volt¬ 
age  across  the  primaries  never  rose  above  the  break¬ 
down  voltage  of  the  neon  tubes,  or  about  100  volts. 

The  physical  size  of  the  components  used  in  the 
commutator  was  very  much  limited  because  of  the 


small  available  space  in  the  transducer  and  the  conse¬ 
quent  crowding  made  the  problem  of  assembly  and 
wiring  a  difficult  one.  Every  attempt  should,  there¬ 
fore,  be  made  to  develop  a  suitable  cable  with  enough 
conductors  so  that  connections  to  each  element  may 
be  brought  out  from  the  transducer  and  the  commu¬ 
tator  located  inside  the  ship  where  it  is  available  for 
maintenance  and  test.  Diodes  or  other  vacuum  tube 
elements  for  switching  are  probably  preferable  to 
varistors  because  they  have  more  uniform  character¬ 
istics  and  are  not  so  liable  to  breakdown  under  volt¬ 
age  overload. 
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31  DETECTABILITY  OF  ECHOES: 

NOISE 

any  echo-ranging  system  employing  sound  is  based 
on  the  principle  that,  following  emission  of  a 
pulse  of  sound,  reflecting  objects  return  echoes  that 
can  be  used  to  determine  the  location  of  the  objects. 
In  this  discussion  of  sonar  echo  ranging,  the  reflect¬ 
ing  objects  are  called  “targets”  and  consist  principally 
of  enemy  submarines,  ships,  and  mines.  Unfortu¬ 
nately,  however,  undesirable  echoes  are  also  returned. 
These  come  from  a  number  of  sources,  the  three  most 
important  being  the  ocean  surface,  the  ocean  bottom, 
and  the  ocean  body  itself.  The  resulting  mixture  of 
echoes  from  these  sources  is  called  reverberation. 
Other  noises  appearing  in  the  sonar  system  but  not 
originating  in  the  emitted  pulse  include  those  caused 
by  wave  action,  the  motion  of  the  ship  and  sonar  gear 
through  the  water,  propellers  of  own  ship  and  other 
ships,  and  various  forms  of  marine  life.  In  addition, 
there  are  the  purely  electrical  and  mechanical  noises 
in  the  receiving  system  and  the  ambient  acoustical  (or 
lighting)  interferences  at  the  indicators.  The  ability 
of  an  echo-ranging  system  to  permit  detection  of  the 
echo  signal  in  the  presence  of  interference  from  these 
other  sources  of  sound  determines  its  merit. 

The  characteristics  by  which  the  various  echoes  and 
noises  can  be  distinguished  will  be  discussed  first.  Fol¬ 
lowing  this,  methods  in  which  these  distinguishing 
characteristics  can  be  used  in  discriminating  against 
undesired  sounds  while  not  interfering  with  indica¬ 
tions  of  the  desired  ones  will  be  considered. 

The  echo  from  a  target  is  characterized  by  its  re¬ 
turn  from  a  single  direction.  Ideally,  it  is  a  square 
wave  pulse  of  a  single  frequency;  usually,  however, 
both  its  amplitude  and  phase  are  strongly  modulated 
by  interference.  The  effective  intensity  of  the  echo  is 
independent  of  pulse  length  where  the  length  is  more 
than  twice  the  target  thickness;  for  shorter  pulses  it  is 
proportional  to  the  pulse  length.1  The  frequency  of  a 
target  echo  differs  from  the  frequencies  of  practically 
all  other  returning  echoes,  if  the  target  has  a  com¬ 
ponent  of  motion  relative  to  the  water  along  the  “line 
of  sight.”  This  difference  is  caused  by  the  target  dop- 
pler  effect.  A  small  amount  of  reverberation,  picked 


up  on  the  minor  lobes,  may,  however,  have  the  same 
frequency  as  the  echo. 

The  shifted  frequency  resulting  from  the  total 
doppler  effect  may  be  written 

/'  =  /  +  A/  =  /(l +2^)(l +  2^) 

^f  +  ^Vr+TVt’  (1) 

where  /  is  the  initial  frequency,  /'  is  the  shifted  fre¬ 
quency,  vr  is  the  velocity  component  relative  to  the 
water  of  the  echo-ranging  ship  in  the  direction  of  the 
target,  vt  is  the  velocity  component  relative  to  the 
water  of  the  target  in  the  direction  of  the  echo-rang¬ 
ing  ship,  and  c  is  the  velocity  of  sound  in  the  water. 
This  formula  shows  that  at  20  kc  the  shift  caused  by 
either  ship’s  velocity  is  abbut  14  cycles  per  knot  and 
is  directly  proportional  to  frequency.  The  frequency 
shift  2 f(yr  +  vt)/c  is  experienced  by  the  target  echo 
and  is  called  the  total  doppler  shift. 

The  characteristics  of  reverberation  are  similar  to 
those  of  target  echoes.  Reverberation  also  exhibits 
the  own-doppler  shift  2fvr/c  caused  by  motion  of  the 
echo-ranging  ship,  but  since  the  reverberation  echoes 
come  from  reflectors  that  are  usually  at  rest  with  re¬ 
spect  to  the  medium,  the  target  doppler  shift  is  zero. 
The  coherence  of  the  reflected  signal  depends  on  the 
general  ocean  conditions  and  the  grazing  angle. 
Minor  doppler  shifts  may  result  from  ocean  currents 
and  from  the  roll  and  pitch  of  the  echo-ranging  ship. 
Strong  wave  action  may  cause  considerable  frequency 
modulation  of  surface  reverberation  due  to  the  mo¬ 
tion  of  the  reflecting  surface.  In  consequence,  the  fre¬ 
quency  of  reverberation  is  not  a  definite  quantity, 
but  rather  a  spread  of  values,  having  the  average 
value  given  by  equation  (1). 

Reverberation  is  further  characterized  by  the  fact 
that  its  level  fluctuates  somewhat  more  violently  than 
that  of  the  echo.  Its  average  intensity  decreases  less 
rapidly  with  range  than  echo  intensity,  and  is  directly 
proportional  to  the  pulse  length.  Reverberation  re¬ 
turns  only  from  the  region  which  has  been  “illumi¬ 
nated”  by  the  beam  of  sound. 

The  general  ambient  noise  of  the  sea  is  relatively 
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constant  in  amplitude  over  short  periods  of  time  and 
has  a  frequency  spectrum  that  decreases  at  the  rate  of 
about  6  db  per  octave  in  the  listening  and  echo-rang¬ 
ing  bands.2  On  the  other  hand,  the  noise  caused  by 
snapping  shrimp  does  not  decrease  at  high  frequen¬ 
cies  in  the  echo-ranging  frequency  band.3’ 4 

Ambient  noises  generally  arrive  from  all  directions. 
Shrimp  noise  may  be  directional  if  the  shrimp  bed  is 
at  a  distance,  but  in  such  cases  the  noise  level  is  too 
low  to  be  troublesome. 

The  noise  from  ships,  other  than  the  echo-ranging 
vessel,  has  a  relatively  constant  value  over  periods  of 
time  of  the  order  of  a  pulse  length.  It  has  a  frequency 
spectrum  which  decreases  about  6  db  per  octave  and 
its  pressure  level  increases  rapidly  with  increasing 
speed.  It  is  further  characterized  by  having  direction¬ 
ality.  The  variation  in  pressure  level  with  velocity  is 
considerably  greater  in  the  case  of  a  submarine,  espe¬ 
cially  at  periscope  depth  than  for  other  types  of  ships. 
The  noise  from  the  echo-ranging  ship  itself  includes 
the  propeller  noise  from  the  stern  as  well  as  turbu¬ 
lence  caused  by  the  moving  hull  and  the  echo-ranging 
transducer. 

In  addition  to  the  various  sonic  noises  external  to 
the  receiving  system,  the  system  itself  generates  elec¬ 
tric  noise,  such  as  thermal  noise,  microphonics,  and 
transients  caused  by  commutator  and  motor  brushes, 
and  relay  contacts.  Hum  from  the  a-c  power  system 
and  general  crosstalk  with  other  electric  systems  may 
also  contribute  appreciable  noise.  The  input  thermal 
noise  of  the  receiver  for  the  narrowest  possible  band 
width  sets  a  lower  limit  beyond  which  the  noise  level 
cannot  be  reduced. 

The  transducer,  in  conjunction  with  any  beam¬ 
forming  circuits  associated  with  it,  is  the  first  element 
of  the  receiving  system,  and  consequently  the  first 
point  at  which  discrimination  against  the  various  un¬ 
desired  noises  is  possible.  By  making  the  transducer 
directional,  it  is  possible  to  discriminate  against 
noises  arriving  from  directions  other  than  the  target 
bearing.  Thus  ambient  noise  caused  by  marine  life, 
reverberation,  the  echo-ranging  ship,  and  sources  in 
directions  other  than  that  of  the  target,  can  be  dis¬ 
criminated  against.  This  discrimination  against  di¬ 
rectional  sounds  is  given  directly  by  the  pattern  q' 
(8,  </>)  which  expresses  the  efficiency  of  the  transducer 
in  reception  in  the  direction  (6,  <p)  compared  to  the 
efficiency  on  the  axis  of  the  major  lobe  (0,  0).  If  the 
projector  pattern  in  transmission  is  called  q{9,  <j>)  and 
that  in  reception  q'(9,  <j>),  where  $  is  measured  in  the 


azimuthal  plane  and  8  is  measured  in  the  vertical 
plane,  the  discrimination5  in  db  against  nondirec- 
tional  noise  is  given  by  the  receiving  directivity  index 
D',  which  may  be  defined  as: 


D'  =  10  log10  d' 

9  — 

=  10  log J  J  q’(0,  <f>)  cos  8d9d<j> 


(2) 


where  d'  is  the  receiving  directivity  ratio. 

The  discrimination  in  db  against  surface  or  bottom 
reverberation  is  given  by  the  “surface”  reverberation 
index,  Js: 


1  C2t 

Js  =  10  log10  j  q’(0,  <£)  q( 0,  <£)  d<£,  (3) 

and  the  discrimination  in  db  against  volume  rever¬ 
beration  is  given  by  the  volume  reverberation  index, 

Jv  =  10  log10  ~  I  /  q  (8,  <j>)  q’{6,  <£)  cos  6d9d(j>. 

(4) 

If  the  effective  plane  dimensions  of  the  transducer 
are  greater  than  2\,  where  A  is  the  wave  length  of  the 
signal  in  water,  and  there  are  no  abnormally  high 
side  lobes,  the  values  of  these  indices  can  be  calcu¬ 
lated  from  the  angular  half-width  in  degrees  (6  db 
down)  of  the  composite  pattern  q(8,  4>)  q’{8,  </>)  in  the 
plane  9  =  0.  If  this  half-width  is  called  A,  then 

/.  =  101og10  A  -  23.8  db,  (5) 

Jv  =  20  log10  A  -  42.6  db,  (6) 

D1  =  20  log10  A  -  40  db.  (7) 


The  quantities  Js  and  /„  as  determined  from  these 
formulas  seem  to  be  reliable  to  about  ±  i/£  db  for 
plane-faced  transducers  of  the  JK  or  QC  types.  D’  is 
usually  reliable  to  ±  3  db,  but  may  be  in  error  by  as 
much  as  10  db,  since  it  is  very  critical  with  respect  to 
the  minor  lobe  structure.5  Transducer  patterns  are 
more  fully  discussed  in  Chapter  9.  The  transducer 
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directivity  pattern,  of  course,  is  not  helpful  in  dis¬ 
criminating  against  the  target’s  noise,  which  may  still 
mask  the  echo,  since  both  are  from  the  same  direction. 

In  addition  to  the  directional  discrimination  of  the 
transducer,  noise  discrimination  of  the  system  can  be 
improved  by  the  use  of  filters.  In  many  cases,  the  fre¬ 
quency  response  of  the  transducer  serves  as  a  pre¬ 
liminary  filter.  Since  most  of  the  sounds  to  be  dis¬ 
criminated  against  are  noises  with  broad  frequency 
spectra,  the  signal-to-noise  discrimination  of  the  re¬ 
ceiver  is  very  important.  The  noise  energy  in  a  nar¬ 
row  frequency  band  is  directly  proportional  to  the 
band  width;  consequently,  if  the  minimum  amount 
of  noise  is  to  be  passed,  the  band  width  should  be  kept 
as  narrow  as  possible.  Furthermore,  the  band-width- 
limiting  circuits  should  be  located  in  the  early  stages 
of  the  receiver,  where  the  level  is  low,  so  that  cross¬ 
modulation  products  caused  by  nonlinearity  will  not 
be  introduced  into  the  acceptance  band.  The  fre¬ 
quency  spectrum  of  the  echo  pulse  must  also  be  con¬ 
sidered,  since  the  pulse  consists  essentially  of  a  carrier 
frequency  and  two  sets  of  modulation  side  bands.  If 
the  receiver  band  width  is  made  too  narrow,  the  side 
bands  will  be  attenuated  and  considerable  echo 
energy  will  be  lost.  For  a  given  square  pulse,  the  band 
width  for  the  optimum  signal-to-noise  ratio  is  given 
by  A/  =  l/2io  cycles  per  side  band,  where  t0  is  the 
pulse  duration  in  seconds  and  A  /  is  measured  at  6  db 
down  points.®  Since  it  is  seldom  feasible  to  employ  a 
single  side  band,  this  gives  A  /  =  1  /  *0-  If  a  narrower 
band  is  used,  the  pulse  does  not  have  time  to  build 
up  to  its  maximum  amplitude.  In  choosing  a  band 
width,  the  designer  should  remember  that,  because  of 
doppler,  the  carrier  frequency  of  the  echo  may  vary 
over  a  considerable  range. 

In  order  to  compare  the  signal-to-noise  discrimina¬ 
tion  of  various  detectors,  the  following  “ideal”  detec¬ 
tor  will  be  used  as  a  standard.  The  band  width  will 
always  be  made  optimum  for  the  pulse  length  used, 
and  a  sufficiently  large  number  of  individual  bands 
will  be  employed  side  by  side  to  secure  a  band  wide 
enough  to  insure  that  doppler  does  not  shift  the 
signal  frequency  out  of  the  total  receiver  band.  The 
optimum  band  width  will  be  taken  as  l/f0:  however, 
this  is  too  wide  for  present  scanning  systems,  because 
the  actual  pulse  is  rounded  and  consequently  has  less 
extensive  side  bands  than  a  square  pulse.  If  the  echo 
pulse  is  rectified,  the  pass  band  of  the  low-pass  filter 
need  be  only  half  of  1  /  f0. 

The  human  ear  is  inferior  to  the  above  “ideal”  de¬ 


tector  from  the  standpoint  of  signal-to-noise  discrimi¬ 
nation.  Since  the  ear  of  the  operator  is  an  important 
part  of  many  types  of  underwater  sound  equipment, 
some  of.  its  properties  will  be  discussed  here.  It  is 
found  that  t0  must  be  at  least  0.2  second  if  the  ear  is 
to  attain  its  maximum  response.  For  t0  <  0.2  second, 
the  maximum  signal  intensity  varies  as  t02.  Thus  the 
ear  is  a  much  more  sluggish  detector  than  its  effective 
signal-to-noise  discrimination  band  requires.  The  fol¬ 
lowing  circuit  has  been  proposed  as  representing  the 
ear: 


Input 


FILTER 


►  RECTIFIER  - 


L-P  FILTER 

/„  =  2.5  c 


INDICATOR 


Tl  SIMILAR  CHANNELS 


The  cutoff  frequency,  fc,  of  2.5  c  for  the  low-pass  filter 
is  determined  by  the  response  of  the  ear  to  pulses. 
Data  on  masking  have  shown  that  the  band  widths 
(6  db  down)  of  the  band-pass  filters  depend  on  fre¬ 
quency  as  follows: 

Frequency  (c)  Band  Width  (c) 

125-500  30 

1,000  36 

2,000  60 

4,000  120 

These  figures  indicate  that  at  the  0.2-second  pulse 
length  best  adapted  to  it,  the  ear  is  8  db  less  sensitive 
than  the  “ideal”  detector  and  its  sensitivity  decreases 
as  pulse  length  is  shortened,  being  11  db  and  14  db 
lower  for  0.1-second  and  0.05-second  pulse  lengths 
respectively.  These  values  refer  to  the  signal-to-noise 
ratio  and,  since  the  band-pass  filters  have  the  critical 
band  width,  they  indicate  the  ability  of  the  ear  to  de¬ 
tect  echoes  against  a  noise  background. 

When  using  the  visual  detector  it  might  be  assumed 
that  the  doppler  caused  by  the  echo-ranging  ship  is 
nullified  and  the  target  speed  is  not  greater  than 
10  knots,  resulting  in  a  doppler  at  25  kc  of  ±175  c,  or 
a  total  spread  of  350  c.  The  receiving  band  must  be 
wide  enough  to  pass  a  signal  shifted  by  this  amount 
plus  the  pulse  side  bands.  Under  these  assumptions 
the  following  comparison  can  be  made  of  the  signal- 
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.  to-noise  discrimination  of  different  systems  relative  to 
the  ideal  detector. 


Table  1.  Signal-to-Noise  Discrimination  of  Visual  and 
Aural  Systems. 


Pulse 
Duration 
in  sec 

Ideal 
Detector 
Pass-band 
in  c 

Visual 
Detector 
Pass-band 
with  350 
doppler 
shift 
in  c 

Ratio  of 
Visual 
to  Ideal 
in  db 

Ratio  of 
Aural 

(125-500  cps) 
to  Ideal 
in  db 

1.0 

1 

351 

-25.5 

-15 

0.2 

5 

355 

-18.5 

-  8 

0.1 

10 

360 

-15.5 

-11 

0.05 

20 

370 

-12.5 

-14 

0.01 

100 

450 

-  6.5 

-21 

0.001 

1,000 

1,350 

-  1.3 

-31 

The  band  widths  given  refer  to  the  supersonic 
channels.  Only  the  pulse  side  bands  need  be  con¬ 
sidered  in  the  audio  channel  if  the  supersonic  signal 
is  rectified. 

These  figures  should  not  be  applied  to  the  scanning 
channel  of  a  scanning  sonar  directly,  since,  if  the 
beam  is  rotated  through  360  degrees  during  the  pulse 
length,  the  effective  pulse  length  in  this  channel  is 
the  actual  pulse  length  multiplied  by  2a’/2tt.  Here 
A'  is  the  angular  half  width,  measured  in  radians,  at 
the  half-power  points  of  the  scanning  beam.  The 
pulse  shape,  however,  is  approximately  Gaussian 
rather  than  square  after  modulation  of  the  echo  by 
the  scanning  beam;  consequently,  the  band  width  re¬ 
quirements  may  be  slightly  modified. 

The  factor  that  expresses  the  ability  of  a  sonar  sys¬ 
tem  to  distinguish  an  echo  is  called  the  recognition 
differential.  It  is  defined  as  the  number  of  decibels  by 
which  the  echo  must  exceed  the  background  in  order 
to  be  recognized  50  per  cent  of  the  time.  Since  it  de¬ 
pends  on  psychological  and  physiological  factors  as¬ 
sociated  with  perception  and  identification,  as  well  as 
on  physical  factors,  the  evaluation  of  this  differential 
is  difficult.  Considerable  empirical  information  has 
been  collected  on  the  probability  of  aural  detection 
for  relatively  long  pulse  lengths,7-11  but  little  is 
known  about  the  detectability  of  short  pulses. 

The  following  is  an  empirical  relation3  for  the 
probability  Q_  that  a  nonfluctuating  signal,  masked 
by  a  fixed  background,  will  be  recognized  when  its 
actual  intensity  is  I  and  the  intensity  for  50  per  cent 
recognition  probability  is  S0: 


Q  =  — 

^  in  +  v 

Here  n  depends  on  many  factors,  including  the  con¬ 
ditions  of  reception.  For  echo-ranging  pulse  lengths 
from  a  few  milliseconds  to  100  milliseconds,  n  is 
2.5  ±  1.  Under  most  conditions  of  echo-ranging,  the 
signal  intensity  follows  a  Rayleigh  distribution;1.3-4 
that  is,  the  fractional  number  F  of  echoes  whose  levels 
exceed  I  is 


F  -  e  Uv 

where  Iav  is  the  average  echo  level.  Thus 

/ 

dF  =  dl, 

*-av 


and  the  echo  recognition  probability  is 


(8) 

This  function  varies  quite  slowly  with  respect  to  n. 
The  important  variable  is  S0  IIav.  A  50  per  cent  recog¬ 
nition  probability  results  when  Iav  =  S0,  or  when 
10  log  (Iav/S0)  =  0.0  db,  and  an  80  per  cent  recogni¬ 
tion  probability  occurs  when  10  log  ( Iav/S0 )  =  7  db. 
For  present  purposes  the  value  of  80  per  cent  gives 
the  more  reasonable  assurance  of  correct  recognition 
or  interpretation  of  the  echo,  and  7  db  will  be  added 


SIGNAL  FREQUENCY  MINUS  REVERBERATION  FREQUENCY  IN  CPS 

Figure  1.  Reduction  of  masking  effect  due  to  target 
doppler  20  to  80  kc. 
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when  this  is  desired.  For  a  100-millisecond  pulse 
length  and  an  800-c  listening  frequency,  the  value 
of  S0  is:3  (1)  7  db  below  the  noise  in  a  1-kc  band 
centered  at  800  c  and  (2)  3  db  above  the  reverberation 
when  this  is  the  limiting  factor  and  there  is  no  dop- 
pler.  The  recognition  level  is  considerably  reduced 
when  doppler  is  present,  as  shown  in  Figure  1. 
Table  2  illustrates  the  results  of  calculations  based 
on  the  above  assumptions. 


Table  2.  Calculated  Recognition  Levels. 


Background 

Average 

echo-to-background 
ratio  for  80% 
recog.  prob. 

Noise  in  1  kc  band 

0  db 

Reverberation 

Relative  target  speed  5  knots 

20  kc 

0  db 

40  kc 

-6  db 

Relative  target  speed  15  knots 

20  kc 

-10  db 

40  kc 

-17  db 

The  above  values  are  very  rough  and  may  be  radi¬ 
cally  modified  by  additional  factors.  For  example,  the 
echo  quality,  which  depends  on  pulse  length,  is  a  very 
important  factor  in  recognition.  Echo  periodicity  is 
also  important.  When  the  background  is  largely  rev¬ 
erberation,  the  recognition  level  can  be  lowered  4  to 
5  db  by  employing  a  “chirp”  instead  of  a  constant 
frequency  signal.3-12  If  the  pulse  length  differs  from 
100  milliseconds,  a  correction  can  be  made  by  refer¬ 
ring  to  Table  1. 

In  the  visual  detector  the  echo  quality,  pulse  repe¬ 
tition  rate,  and  oscilloscope  screen  persistence  have 
an  important  effect  upon  the  recognition  differential. 

Available  data  on  the  visual  detector  indicate  that 
the  lowest  value  of  signal-to-noise  ratio  that  will  re¬ 
sult  in  an  80  per  cent  echo  recognition  probability  is 
about  11  db.  The  condition  required  to  realize  this 
value  is  that  A f't0  =  1,  where  A/'  is  the  band  width 
3  db  down  and  t0  is  the  pulse  length.  For  the  value 
A/'<0  =  0.2  or  A/70  =  12  the  signal-to-noise  ratio 
must  be  16  db  for  80  per  cent  recognition.  In  a  hetero¬ 
dyne  system  the  audio-frequency  band  should  not 
be  narrower  than  that  at  the  intermediate  frequency 
required  to  pass  a  pulse  without  doppler.  Investi¬ 
gators  of  the  recognition  differential  for  radar  indi¬ 
cators  have  shown  that  type  A  and  type  B  presen¬ 


tations  are  approximately  equivalent  in  the  signal- 
to-broad-band  noise  ratio  required  for  80  per  cent 
echo  recognition;  however,  type  A  presentation  is 
superior  when  the  interfering  signal  is  not  of  a  ran¬ 
dom  nature.  These  differences  arise  from  the  fact  that 
type  A  presentation  indicates  by  deflecting  an  elec¬ 
tron  beam,  whereas  type  B  system  indicates  by  bright¬ 
ening  a  spot.  The  recognition  differential  of  the  vis¬ 
ual  channel  of  a  QH  system  is  about  10  db  lower  than 
that  of  the  listening  channel.13  A  small  portion  of 
this  10  db  may  be  attributed  to  the  difference  in  the 
band  widths  of  the  two  channels,  but  the  largest  fac¬ 
tors  are  probably  commutator  noise  in  the  scanning 
(visual)  channel  and  the  psychological  factors  in¬ 
volved  in  aural  versus  visual  perception. 

3  2  REVERBERATION  - 

VOLUME,  SURFACE,  BOTTOM 

As  pointed  out  in  the  foregoing  section,  reverbera¬ 
tion  may  be  defined  as  the  totality  of  undesired 
echoes  returning  to  the  echo-ranging  transducer. 
These  echoes  are  produced  at  any  point  in  the  me¬ 
dium  at  which  there  is  a  variation  in  the  character¬ 
istic  acoustic  impedance.  Volume  reverberation  rep¬ 
resents  the  echoes  resulting  from  oceanic  variations 
such  as  the  scattering  of  inorganic  salt  precipitates, 
or  regions  of  abnormal  density  due  to  variations  of 
temperature  and  salinity.  Surface  reverberation  con¬ 
sists  of  the  echoes  from  the  surface  or  surface  layer  of 
the  ocean  which  includes  the  region  containing  en¬ 
trapped  air  bubbles.  The  air  bubbles  result  mainly 
from  wave  action  and  may  be  present  in  a  fairly  thick 
layer  after  a  storm.  Bottom  reverberation  refers  to 
the  totality  of  echoes  from  the  bottom  of  the  ocean. 

The  simple  theory  of  volume  reverberation  will  be 
considered  first.1  In  this  discussion  a  spherical  coordi¬ 
nate  system  will  be  employed  in  which  <j>  is  measured 
in  the  azimuthal  plane,  9  is  measured  in  a  vertical 
plane,  and  the  origin  is  taken  at  the  echo-ranging 
projector  (Figure  2).  The  element  of  volume  is  given 
by 

dV  =  r2  cos  9drd9d(j>. 

If  t  is  the  time  interval  between  the  middle  of  the 
transmitted  pulse  and  the  middle  of  the  returning 
echo,  t0  the  duration  time  of  the  pulse,  t  >  >  f0,  and 
c  the  velocity  of  sound,  then  the  range  r  of  the  vol¬ 
ume  element  can  be  written  as  cf/2,  and  the  thick- 
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Figure  2.  Coordinate  system  employed  in  computations 
of  volume  reverberation. 


ness  of  the  spherical  shell  from  which  echoes  can  be 
received  simultaneously  is  ct0/2.  Then 


r3  /2 

dv=  i-Liocos  edddcj>. 

O 


(9) 


dw V  =^hvdV 


H  (?)! 


10 


c3  t2  t0 

~s~ 


cos  9d6d<j> 


A 

"10  , 


—v*°Ct°q  (9,4,)  •  10  10  cos  9d0d<j>,  (11) 


and  the  intensity  at  the  echo-ranging  transducer  of 
this  sound  scattered  from  dV  is 


-{Jet2*  '  q  1  10  5  cos  dd6d (12) 


If  /'0  is  the  electric  power  produced  by  the  transducer 
in  reception  in  a  sound  field  of  unit  intensity,  and  if 
q'(9,  <j>)  is  the  normalized  transducer  pattern  in  re¬ 
ception,  the  electric  power  produced  at  the  receiver 
due  to  the  element  of  volume  dV  is 

dRv(t)  =  dldv’  ■  I'0  •  q’(9,  <j> )  (13) 

and  the  total  electric  power  at  the  receiver  is 


Now  if  I0  is  the  power  radiated  by  the  projector  per 
steradian  in  the  direction  9  =  $  =  0  (/0  is  sometimes 
referred  to  as  the  intensity  at  unit  distance  from  the 
projector),  the  intensity  Iav  of  sound  that  reaches  the 
volume  element  dV  is14 


Rv(t) 


mv  I0  /' o  t0 
2tt  ct2 


(14) 


q  ( 9 ,  <i>)  q'(9,  <f>)  cos  9dQd<j>. 


_  h  q(8, 4>) 


A 


(10) 


where  q(9,  <f>)  is  the  normalized  transmitting  intens¬ 
ity  pattern  of  the  projector.  A,  which  is  known  as  the 
transmission  anomaly,  is  a  dimensionless  factor— de¬ 
pending  on  range  and  general  ocean  conditions— 
which  accounts  for  other  attenuation  than  that  due 
to  the  inverse  square  divergence  of  the  sound  out  to 
the  range  in  question. 

If  mv  is  the  average  coefficient  of  backward  volume 
scattering  ( ?nv  has  the  dimension  T_1),  the  average 
power  scattered  per  steradian  from  the  volume  ele¬ 
ment  is  given  by1 


Integration  is  carried  out  over  only  half  of  the  sphere, 
because  it  is  assumed  that  q'{9,  <j>)  is  zero  on  the  back 
half.  The  integral  then  becomes  the  same  as  that  in 
equation  (4)  and  can  be  computed  with  reasonable 
accuracy  from  equation  (6),  if  A  is  computed  from  the 
geometric  mean  width  of  q  and  q'.  This  may  be  done 
when  these  patterns  are  similar,  as  they  are  in  a  search¬ 
light  type  sonar.  Here,  however,  an  independent  cal¬ 
culation  will  be  made.  Because  the  dimensions  of  the 
scanning  sonar  transducers  are  large  compared  to  the 
wave  length  it  is  fairly  true  that  in  reception 


q’(9,  $) 


sin  sin  9^j 

2 

.  fird  ■ 
sin  ( - —  sin 

—  sin  9 

A 

Trd  ■  . 

—  sin  <f> 

A  r 

(15) 
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where  d  is  the  equivalent  width  and  l  is  the  equiva¬ 
lent  length  of  a  rectangular  transducer  giving  the 
same  lobe  widths  in  the  horizontal  and  vertical 
planes,  at  3  db  down,  as  those  given  by  the  actual 
transducer  (/  and  d  are  both  assumed  to  be  large  com¬ 
pared  to  A).  During  transmission,  q{9,  4>)  is  non- 
directional  in  the  9  =  0  plane  and  consequently  is 
represented  by  the  pattern  of  an  equivalent  vertical 
line  source,  where  “equivalent”  once  again  means 
that  the  length  is  so  chosen  that  the  actual  pattern 
width  and  the  line  source  pattern  width  agree  at  the 
3-db  down  points: 


in  (^-  sin  9^ 


q(6,  <j>)  = 


Substitution  of  equations  (15)  and  (16)  in  (14)  gives 


RJt)  =  4wh-/o/'0  *o  . 


2 7T  Ct2 


TT  7 r 

2  C  2 


.  /  -ird  ■  ,\ 

sin  1  —  sin  <j>) 

itd  ■  , 

—  sin  <A 
A 


;in  sin  0^ 

—  sin  9 
A 


cos  9d9d<p, 


Rv(t)  -  2/Mr  V>  *°  -10  5  ■ 


Ttl 

'  x  sin4 


in 4  sin  9 ^ 


d  [  —  sin  0 


K  / 

2  sin2f- 


A rd  •  A2 

lT5mV 


f  x  -  J,  (- 

0 


which,  when  2ird/A  >  >  1,  reduces  to  A/ 2d.  Thus  we 
may  write 

*.<‘>  -  ■  )o’f-  <>7> 

The  equivalent  intensity  Iv  of  volume  reverberation 
at  the  receiver  can  now  be  defined  by 

j  _  R  (t)  _  mvc\-t0  I0  ,  i  n  io  x  i  q\ 

v~  r0  12M  {  > 

Further,  since  70  is  the  power  radiated  per  steradian, 
the  square  of  the  radiated  sound  pressure  P0(r)  at 
any  distance  r  is  proportional  to  /o/r2.  If  we  define 
P0(l)  as  the  sound  pressure  on  the  main  beam  of  the 
projector  at  unit  distance,  then  the  volume  reverber¬ 
ation  pressure  is  given  by 


o  / 1 \  /A>  _  Pq 


o  (1)  \mvcx 2  tQ 
ct  \  \2trld 
2 


Replacing  ctj 2  by  the  range  r. 


-  Pq  (1)  .  in-io 


jmv  c  A2  t0 
\  12t rid  ’ 


where  the  factor  4  arises  from  the  change  in  limits  of 
integration,  or 


If  7t//A  >>  1,  the  first  integral  is  approximately 
7r /  3,  the  error  being  of  the  order  A/ 51.  The  second 
integral  can  be  shown15  to  be 


The  units  to  be  used  have  not  been  specified;  how¬ 
ever,  since  sound  pressure  is  almost  universally  meas¬ 
ured  in  dynes  per  sq  cm,  C.G.S.  units  will  be  adopted 
here.  In  order  to  avoid  introducing  equipment  con¬ 
stants,  all  pressures  will  be  expressed  in  db  relative  to 
the  pressure  Pi  on  the  main  beam  of  the  projector  at 
a  distance  of  one  meter.  It  should  be  noted  that,  since 
pressure  varies  inversely  with  distance, 


Pl-I5op°(1)- 


Further,  if  r  is  measured  in  kilometers  it  must  be 
multiplied  by  a  factor  105,  since  unit  distance  has 
been  fixed  as  1  cm. 

Then  twenty  times  the  logarithm  of  both  sides  of 
equation  (19)  is  taken,  giving 

20  log10  ^  =  20  log10  P&£!  -  20  log10  (105  •  r)  -  2 A 
* 1  ^1 


+ 10  ,os“  (cn) + 10  log‘°  (rf1)' 
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In  the  above  expression  10  log]0  \2/4irld  is  by  defini¬ 
tion  the  directivity  index  De  of  an  equivalent  plane 
radiator  of  length  l  and  width  d  which  has  the  same 
horizontal  and  vertical  beam  widths,  3  db  down  on 
the  intensity  pattern,  as  the  actual  transducer.  Also  A 
is  the  wave  length  of  the  signal.  All  quantities  are 
measured  in  C.G.S.  units  except  r  which  is  in  kilo¬ 
meters.  By  writing  20  log  ( Pv/P )  as  [P„], 

[Pv]  =  +40  -  100  -  20  log10  r  -2 A  +  De 

+  101og10(”jp2). 

Then  if  it  is  assumed  that  A  is  proportional  to  r; 
i.e.  if  A  =  ar,  where  a  is  the  attenuation  of  sound  in 
the  sea  in  db  per  kilometer  for  the  ocean  state  under 
consideration,  the  final  expression  for  the  volume 
reverberation  pressure  in  db  relative  to  Pr  becomes 

[P„]  =  -60  +  De  -  2or  -  20  log10r 

+  10  log io  (^).  (20) 

The  expressions  for  surface  and  bottom  reverbera¬ 
tion  pressures  differ  only  in  the  values  of  the  scatter¬ 
ing  coefficients  involved,  since  in  both  cases  the  chief 
concern  is  with  scattering  from  a  horizontal  surface; 
consequently,  the  development  will  be  made  in  terms 
of  the  general  coefficient  m.  The  coefficient  m  will 
then  be  replaced  by  either  ms  or  rnb  in  the  later  com¬ 
putations,  depending  on  whether  surface  or  bottom 
reverberation  is  being  considered.  The  development 
is  quite  similar  to  that  given  above  for  volume  rever¬ 
beration.  If,  however,  the  same  coordinate  system  is 
used  as  in  the  case  of  volume  reverberation,  the  sur¬ 
face  elements  must  be  taken  parallel  to  a  horizontal 
plane.  Such  a  system  is  shown  in  Figure  3.  The  angle 
i p  represents  the  tilt  angle  of  the  transducer  beam. 
Thus  the  element  of  area  is 


dA  =  rdrd(f>  =  — d</>. 


(21) 


The  intensity  of  the  sound  from  the  projector  at  the 
element  of  area  is 


hq(9  —  I*  4>) 
c2t2 


A 

10~™ 


(22) 


as  in  the  case  of  volume  reverberation,  except  that 
(0  —  xp)  now  represents  the  vertical  angle  measured 


Figure  3.  Coordinate  system  used  in  computation  of  sur¬ 
face  and  bottom  reverberation. 


from  the  tilted  beam  of  the  transducer.  It  has  seemed 
desirable  in  some  systems  to  tilt  the  transducer 
slightly  upward  to  counteract  the  effect  of  strong 
negative  thermal  gradients.  Further,  i p(t)  is  required 
for  a  treatment  of  depth  scanning. 

The  coefficient  of  backward  scattering  m  is  defined1 
by  the  relation 

i0(6)  =  m^AdA  (23) 

where  IdA  is  the  intensity  of  sound  striking  the  ele¬ 
ment  of  area  dA  at  the  grazing  angle  0  and  io(0)  is 
the  power  scattered  backward  per  steradian  in  the 
direction  0. 

Term  m  is  not  necessarily  constant;  for  a  grazing 
angle  (6)  greater  than  9  degrees  it  is  a  function  of  0. 
As  indicated,  it  is  to  be  replaced  by  either  ms  or  mb. 
These  coefficients  further  depend  respectively  on  the 
state  of  sea  and  the  type  of  bottom.  For  a  grazing 
angle  of  9  degrees,  ms  varies  from  10~G  in  a  calm  sea 
to  10-2  in  a  very  rough  sea;  nil,  varies  from  10~3  to 
10~2  for  rock  bottom  and  from  10-4  to  10-3  for  sand 
and  mud  bottoms.1  Table  310  shows  the  distribution 
of  mb  for  a  9  degree  grazing  angle  for  various  types  of 
bottoms.  The  estimated  quartile  deviation  is  5  db. 


Table  3.  Bottom  Scattering  Coefficients. 


Bottom  Material 

10  log  mb 

Rock 

-22  db 

Mud,  Mud-Sand 

-30  db 

Sand 

—35  db 
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These  values  are  constant17  for  any  grazing  angle  less 
than  9  degrees;  however,  for  9°  <  8  <  90°, 

sin2  6 

mh  =  m»( 9  )  •  sino  go  • 

From  equation  (23),  the  intensity  of  sound  returned 
to  the  echo-ranging  transducer  is  given  by 

m  T  — — 

dIR  =  ^.dA  •  10  10  • 


Again,  if  2-ird/X  >  >  1  the  integral  has  the  value  A./ 2d, 
and 


mc/0t0A 

“(t)’ 


sin  sin  (0  —  i//)^ 

Y  sin  (0  -  $  _ 

(25) 


If  P0(l)  is  the  transmitted  pressure  at  unit  distance 
from  the  projector  on  the  main  beam,  then  the  sur¬ 
face  reverberation  pressure  at  the  receiver  is  given  by 


As  in  the  case  of  volume  reverberation,  the  next 
quantity  to  be  defined  is  the  equivalent  intensity  of 
surface  reverberation  at  the  receiver  which  is  Is.  Now 


dls  —  q’(6  —  tfi,  <f>)  dIR  — 


mliA 


q'(6  -  i p,4>) 

TTC'-t- 


A 

dA  ■  10"“ 


__  P0(l) 

r  3/2 


10 


A 

To 


\mct0  A 

sin  (y  sin  — 

J  4 7T  2d 

_  ll  sin  (6-yp)  _ 

This  is  the  intensity  of  surface  reverberation  returned 
from  dA  effective  in  interfering  with  the  desired  echo 
in  the  receiver.  Substituting  from  IdA  and  dA  from 
equations  (22)  and  (21),  gives 

dh  =  q(6  -  *)  q’(fi  -  *  <p)  d<t>  ■  10- 


or 


L  = 


mlptp 

irC2t3 


10 


T 


q(d  —  i p,  <j>)  q’{6  —  \p,  <j>)  dtp 


(24) 


where  again  q'  is  assumed  to  be  zero  on  the  back  half 
of  the  receiving  pattern. 

Again  the  patterns  given  by  equations  (15)  and 
(16)  will  be  employed,  and  it  will  be  assumed  that 
q(6  —  \p,  <l>)  is  nondirectional  with  respect  to  <p.  This 
is  not  true  for  the  present  depth-scanning  transducer 
(see  Chapter  6).  Thus 


I.  = 


2ml0t0 

7 rC2t3 


10 


in(ysin(0-$) 
L  ^  sin  (0  —  >p) 

A 


Using  C.G.S.  units,  referring  pressures  to  Px  as  in  the 
case  of  volume  reverberation,  and  expressing  r  in 
kilometers, 

20  log10  (0  ^  [Ps]  =  20  logi0  ^ 

—  30  log10  (105  -r)  — 2/1  +  lOlogjo^ 

+  101og10^2  +  201og10 


sin  sin  (#  —  f)j 

~r  sin  ifi  ~  id  J 


Now  10  log  (A/ 2d)  is  the  directivity  index  of  a  line 
source  of  length  d  which  has  the  same  beam  width, 
3  db  down  on  the  intensity  pattern,  as  the  actual 
transmission  pattern.  If  this  index  is  called  Dd  and 
if  A  —  ar,  then 


[Ps]  =  - 1 10  -  30  log10  r  -  2ar  +  Dd  +  10  logj 


4-7T 


-j-  20  log 


10 


in  (t  sin 

L  Y sin  (6  -  >p)  J 


.  (26) 


If  h  represents  the  vertical  distance  from  the  trans¬ 
ducer  to  the  scattering  surface,  6  =  sin-1  h/r.  This 
expression  holds  for  either  surface  or  bottom  rever¬ 
beration. 

The  above  theory  does  not  take  into  account  any 
ray  paths  other  than  the  direct  one.  Actually  there 
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may  be  many  echo-ranging  paths  between  the  trans¬ 
ducer  and  a  point  in  the  ocean.  Frequently  there  is  a 
smooth,  flat  ocean  surface  with  nearly  perfect  reflec¬ 
tivity  and  for  a  “target”  in  the  body  of  the  ocean  or 
on  the  bottom,  there  are  four  distinct  “go-and-return” 
paths  followed  by  the  echo-ranging  sound.  If  the 
sound  intensity  is  the  same  along  all  paths,  the  aver¬ 
age  energy  returned  to  the  transducer  is  four  times  as 
great  as  that  predicted  by  the  above  theory.  In  gen¬ 
eral,  however,  the  four  signals  may  be  assumed  to 
arrive  in  random  phase,  so  that  the  total  received 
signal  fluctuates  rapidly  over  small  time  intervals. 
Similar  additional  reflection  may  occur  from  the 
ocean  bottom,  especially  from  a  shallow  hard  bottom, 
although  in  this  case  the  coefficient  of  reflection  is 
seldom  unity.  Actual  sea  conditions  are  usually  such 
that  there  are  many  sound  paths  in  which  signals  are 
attenuated  by  varying  amounts.  Since  this  factor  is 
quite  variable  for  different  locations  and  sea  condi¬ 
tions,  no  attempt  will  be  made  to  incorporate  it  into 
the  analysis.  Failure  to  include  it,  however,  will  not 
alter  the  results  by  more  than  about  3  db,  an  amount 
which  is  considerably  less  than  the  uncertainties  in 
the  values  of  the  scattering  coefficients  and  recogni¬ 
tion  differentials. 

3-3  NOISE -SEA,  OWN,  TARGET, 

ELECTRIC 

As  pointed  out  earlier,  reverberation  is  not  the 
only  source  of  interference  with  the  desired  echo.  Any 
one  of  the  noises  from  the  target,  the  echo-ranging 
ship,  marine  life,  the  turbulence  of  the  sea,  or  the  re¬ 
ceiver  itself  may  be  the  main  factor  in  limiting  the 
detectability  of  the  echo.  Experimental  data  concern¬ 
ing  the  magnitude  of  these  factors  have  been  accumu¬ 
lated  during  the  last  few  years,  but  they  are  incom¬ 
plete  and  in  many  cases  inaccurate.  In  the  present 
account  only  the  facts  as  they  are  now  known  will  be 
presented,  with  the  admonition  that  the  results  are 
subject  to  continual  revision  as  more  information  is 
gained. 

Figure  4  represents  the  best  available  data  on  the 
ambient  noise  level  of  the  sea.3  The  noise  spectrum 
has  been  assumed  to  decrease  at  the  rate  of  6  db  per 
octave  in  the  ultrasonic  range,  because  of  the  few 
measurements  available  at  frequencies  other  than 
24  kc.  It  should  be  noted  that  the  pressure  levels 
shown  are  not  those  that  are  effective  in  interfering 
with  the  echo.  The  directivity  of  the  receiver  must  be 


taken  into  account  by  adding  algebraically  the  direc¬ 
tivity  index  to  the  pressure  level  in  db.  A  correction 
for  band  width  may  be  made  by  assuming  that  the 
noise  energy  is  proportional  to  the  band  width,  e.g., 
for  a  2-kc  band  width  3  db  should  be  added  to  the 
values  of  Figure  4. 

Figure  4  shows  that  the  “self  noise”  in  the  100- inch 
dome  of  the  USS  Semmes  (DD),  at  a  speed  of  10 
knots,  is  equal  to  the  ambient  noise  of  the  sea  for 
sea  state  6.2'3>4  The  spectrum  of  this  noise  decreases 
at  the  rate  of  about  6  db  per  octave.  It  has  been  found 
that  the  noise  pressure  varies  approximately  as  the 
cube  of  the  speed  of  the  ship,  which  corresponds  to 
an  increase  of  18  db  in  the  noise  level  when  the  speed 
is  doubled.  The  100-inch  dome  contains  a  baffle 
which  attenuates  sound  coming  from  the  ship’s  pro¬ 
pellers  by  at  least  18  db.18  Echo  ranging  at  speeds 
greater  than  10  to  15  knots  is  not  feasible  unless  the 
transducer  is  enclosed  in  some  kind  of  dome. 

There  are  much  more  comprehensive  data  on  tar¬ 
get  noise  than  on  self  noise.  Target  noise2  is  found 
also  to  decrease  with  frequency  at  the  rate  of  6  db  per 
octave,  and  to  increase  with  target  speed  at  the  rate  of 
18  db  for  doubled  velocity.  Table  4  shows  the  noise 
pressure  at  200  yards  (183  meters)  caused  by  various 
targets  moving  at  speeds  of  20  knots.  The  values 
given  are  for  a  1-kc  band  at  24  kc. 


Table  4.  Typical  Target  Noise  Levels. 


Type  of  Ship 

Noise  level  at  200  yd  in  db 
vs.  1  dyne  per  cm2 
(at  20-knot  speed) 

Battleship 

+  13 

Cruiser 

+  3 

Destroyer  or  Destroyer  Escort 

-  2 

Merchant  or  Passenger 

S  +  6 

|  (—  7  at  12  knots) 

This  table  gives  average  values,  from  which  the 
value  for  any  individual  ship  may  differ  appreciably. 
The  value  at  any  distance  can  be  obtained  by  assum¬ 
ing  a  value  for  the  transmission  loss  in  accordance 
with  the  discussion  in  the  next  section.  The  noise2 
produced  by  an  S-type  submarine  as  a  function  of 
speed  and  depth  is  shown  in  Figure  5.  Target  noise  is 
from  a  single  direction  and  consequently  is  not  dis¬ 
criminated  against  by  the  transducer  directivity  pat¬ 
tern,  when  the  transducer  is  trained  in  the  direction 
of  the  target. 

If  the  speeds  of  the  echo-ranging  and  target  ships 
are  not  high,  the  electric  noise  of  the  receiving  system 
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Figure  4.  Ambient  noise  of  sea  in  1-kc  band  width. 

may  mask  the  returning  echo.  Normally,  however, 
the  electric  noise  is  less  than  the  self  noise  of  the  ship. 
Electric  noise  levels  have  been  expressed  here  in 
terms  of  the  equivalent  noise  pressure  levels  at  the 
transducer  so  that  they  may  be  directly  compared 
with  the  other  noises.  The  directivity  of  the  trans¬ 
ducer  is  not  involved  in  this  case.  Table  5  gives  the 


Table  5.  Equivalent  Electrical  Noise  Levels. 


Equivalent  Noise 

Equivalent  Noise 

in  Visual 

in  Aural 

System 

Channel 

Channel 

ER  Submarine  System 

-15  db 

CR  QH  Model  II 

-25  db 

-35  db 

CR  XQHA 

-29  db 

-42.5  db 

best  available  data19’20’21  concerning  the  equivalent 
noise  pressure  (in  db  vs  1  dyne  per  sq  cm)  of  the  elec¬ 
tric  noise  in  several  scanning  systems. 

The  figures  in  Table  5  include  the  recognition  dif¬ 
ferential  of  the  system  and  actually  represent  the 
values  of  the  smallest  signals  which  can  be  detected 
consistently  against  the  noise  background. 

3  4  TRANSMISSION  LOSS,  REFRACTION, 
TARGET  STRENGTH 

Transmission  loss  may  be  defined  as  the  intensity 
loss  of  a  signal  in  db  in  going  from  a  point  one  meter 
from  the  projector  to  the  range  r  expressed  in  kilo¬ 
meters.  It  is  usually  written  as: 

TL  =  20  log10  r  +  60  +  A  (27) 

where  the  first  term  accounts  for  the  inverse  square 
divergence  and  A ,  the  transmission  anomaly,  accounts 


for  the  remaining  drop.  The  60  db  is  introduced  so 
that  r  may  be  entered  directly  in  kilometers. 

Classical  theory  attributes  A  to  the  attenuation  of 
sound  in  the  water  but  this  does  not  correspond  to 
the  experimental  facts.  Actually  the  transmission 
anomaly  is  a  function  of  general  ocean  conditions  at 
a  given  time  and  place.  Although  all  the  factors  that 
contribute  to  this  anomaly  are  not  known,  the  ther¬ 
mal  gradient  condition  of  the  ocean  is  one  of  the  most 
important.  Actual  attenuation  plays  a  rather  insig¬ 
nificant  role  at  ordinary  echo-ranging  frequencies.14 

While  it  has  not  been  possible  to  find  a  general  ex¬ 
pression  for  the  transmission  anomaly,  empirical 
equations  have  been  derived  for  a  special  case.14 
Thus,  if  the  total  temperature  variation  in  the  upper 
30  feet  of  the  ocean  is  less  than  0.3  F  we  can  write: 

A  =  ar  (28) 

where  r  is  measured  in  kilometers  and  a  in  db  per  km; 
a  is  still  called  the  attenuation  coefficient,  although 
this  is  not  intended  in  the  classical  sense.  Values  of  a 
fitted  over  a  band  of  thermal  conditions  are  shown  as 
a  function  of  frequency  in  Figure  6.  A  rough  correla¬ 
tion  of  a  with  the  depth  D,  in  meters  to  the  top  of  the 
thermocline  has  been  found;  thus 

«  =  «o  +  (29) 

for  the  receiver  above  the  thermocline,  and 

a  =  a0  +  ^  (30) 

for  the  receiver  below  the  thermocline, 


SPEED -KNOTS 


Figure  5.  Curves  of  submarine  noise  versus  speed  meas¬ 
ured  at  200  yards  (183  m);  level  in  1-kc  band  at  24  kc; 
S-type  submarine. 
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Figure  6.  Curve  of  attenuation  versus  frequency  over  a 

range  of  thermal  conditions. 

where  «0  =  0.15  f  +  0.00125  f2  —  0.8  is  the  equation 
found  by  the  least  squares  method  that  fits  the  data 
used  for  Figure  6.  In  this  equation,  /  is  the  signal  fre¬ 
quency  in  kc.  The  top  of  the  thermocline  is  taken  as 
the  depth  ht,  in  meters,  at  which  there  is  a  sharp 
change  in  the  thermal  gradient.  Under  the  thermal 
conditions  stated,  these  values  for  «  are  reasonably 
good  for  ranges  greater  than  1  km;  however,  the 
values  may  be  too  low  for  smaller  ranges.  For  reasons 
not  well  understood,  the  transmission  anomaly  often 
tends  to  increase  considerably  at  close  ranges.14 

The  transmission  anomaly  is  a  function  of  the 
number  of  possible  reflection  paths  and  of  the  rela¬ 
tive  phases  and  amplitudes  of  reflected  signals.  Thus 
in  shallow  water  where  many  reflection  paths  are  pos¬ 
sible,  the  transmission  anomaly  may  decrease  by  6  db 
or  more. 

A  fairly  good  qualitative  picture  of  the  behavior  of 
the  transmission  anomaly  as  a  function  of  range  can 
be  found  by  plotting  the  actual  ray  diagrams  of  sound 
under  the  particular  thermal  conditions  being 
studied.  A  case  of  considerable  importance  is  that 
where  there  is  a  large  negative  temperature  gradient. 
The  sound  beam  is  bent  downward  sharply,  so  that 
the  path  of  the  ray  leaving  the  transducer  and  becom¬ 
ing  tangent  to  the  water  surface  limits  the  maximum 
range  in  echo  ranging.  Only  sound  reflected  from  the 
bottom  or  scattered  from  the  ocean  body  penetrates 
the  region  beyond  this  limiting  ray.  This  effect  is  ob¬ 
served  as  a  sharp  increase  in  transmission  anomaly  at 


ranges  greater  than  those  indicated  by  the  limiting 
ray.  This  type  of  refraction4  is  very  common,  espe¬ 
cially  in  the  South  Pacific,  where  more  than  half  of 
the  time  the  ranges  are  limited  to  less  than  one  kilo¬ 
meter. 

Most  other  factors  in  range  limitation  are  negli¬ 
gible  in  comparison  with  this  strong  refractive  factor. 
Other  types  of  refraction  produce  more  complicated 
effects  in  the  transmission  anomaly.  A  comparatively 
rare  condition  is  that  referred  to  as  a  sound  channel 
which  results  when  there  is  a  sharp  change  from  a 
negative  to  a  positive  thermal  gradient.  The  total 
sound  energy  is  restricted  to  a  narrow  layer  of  water 
so  that  extremely  long  ranges  are  possible  on  targets 
within  the  layer.  This  is  observed  as  a  very  small,  or 
even  as  a  negative,  transmission  anomaly. 

In  the  study  of  echo-ranging  problems  it  is  neces¬ 
sary  to  introduce  a  quantity  which  can  serve  as  a 
measure  of  the  reflecting  power  of  the  target.  This 
quantity  is  called  the  target  strength  and  may  be  de¬ 
fined  as  the  number  of  db  which  must  be  added  to 
the  transmitted  intensity  level  measured  at  one  meter 
from  the  projector,  diminished  by  the  transmission 
loss  to  the  target  and  back,  in  order  to  obtain  the 
echo  intensity  level  at  the  hydrophone.  Thus,  if  Le  is 
the  echo  level,  Lx  is  the  transmitted  level  at  one  meter, 
and  T  is  the  target  strength, 

Le  =  L1-  2TL  +  T.  (31) 

The  target  strength  of  a  perfectly  reflecting  sphere 
can  be  shown  to  be 

r  =  201oglo(f)  (32) 

where  R  is  the  radius  of  the  sphere  in  meters.  It  can 
be  seen  that  T  =  0  for  R  =  2  meters.  Thus,  the  target 
strength  can  be  considered  as  the  ratio  in  db  of  the 
echo  intensity  level  from  the  actual  target  to  the  echo 
intensity  level  from  a  sphere  of  2-meter  radius  at  the 
same  range.  Table  6  lists  representative  values  of  tar- 


Table  6.  Typical  Target  Strengths. 


Type  of  Target 

Target  Strength 

Beam  Aspect  Stern  or  Bow  Aspect 

Sphere  of  radius  2  meters 

0  db 

0  db 

Sphere  of  radius  20  meters 

20  db 

20  db 

S-type  submarine 

30  ±  5  db 

15  ±  5  db 

Destroyer 

17  db 

6  db 
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get  strength  for  various  types  of  targets  at  frequencies 
in  the  neighborhood  of  about  24  kc.3’4  Target 
strength  should  not  depend  strongly  on  frequency 
where  the  target  dimensions  are  large  and  its  surface 
irregularities  small  compared  with  the  wavelength 
of  the  sound. 


3.5  POWER  AND  TRANSMITTING 
DIRECTIVITY 

In  the  discussion  of  reverberation  earlier  in  this 
chapter  the  intensity  of  the  sound  at  the  distance  r 
from  the  projector  in  the  direction  (9,  <j>)  was  written 


lav  — 


hq(0,  </>) 


10 


A_ 

To 


(10) 


where  70  is  the  power  radiated  by  the  projector  per 
steradian  in  the  direction  (6  =  cj>  =  0),  and  q  ( 9 ,  <j>)  is 
the  normalized  transmitting  intensity  pattern  of  the 
projector.  In  this  expression  I0q(9,cj>)  expresses  the 
power  radiated  per  steradian  in  the  direction  ( 9 ,  </>), 
so  that  the  total  power  PT  transmitted  is  given  by 

7 r 

pT  =  /0  f  "  f 2  q  (9,  4>)  cos  9d9d<f>.  (33) 

Jo  J  _JT 

2 

Reference  to  equation  (2)  shows  that  this  integral  is 
4tt  times  the  directivity  ratio  in  transmission.  Thus, 
equations  (10)  and  (33)  show  that  if  a  given  intensity 
is  desired  at  range  r  on  the  transducer  axis,  the  total 
acoustic  power  which  must  be  radiated  is  directly  pro¬ 
portional  to  the  transmitting  directivity  ratio,  which 
decreases  as  the  beam  width  is  reduced.  In  most  echo 
ranging  applications  the  greatest  possible  intensity  at 
the  greatest  possible  range  is  desirable,  assuming,  of 
course,  that  the  refractive  conditions  are  not  limiting, 
which  is  seldom  completely  true  for  long  ranges.  The 
acoustic  power  which  may  be  radiated  into  water  is 
limited  by  the  onset  of  cavitation.  At  atmospheric 
pressure  this  corresponds  to  a  power  of  about  0.3  watt 
per  sq  cm  of  radiating  surface,  for  pulses  down  to 
about  100  milliseconds.  For  much  shorter  pulses  (of 
the  order  of  only  a  few  milliseconds)  considerably 
higher  power  may  be  used.  Practical  considerations 
limit  the  area  of  the  radiating  surface.  If  the  trans¬ 
ducer  is  driven  to  cavitation,  increases  in  the  sound 


intensity  on  the  axis  can  be  made  only  by  decreasing 
the  directivity  factor— that  is,  by  increasing  the  fre¬ 
quency  and  so  narrowing  the  projector  beam. 

From  a  practical  point  of  view,  there  is  a  beam- 
width  limit  below  which  it  is  not  feasible  to  operate 
in  echo  ranging.  This  limit  exists  because  of  the  roll¬ 
ing,  pitching,  and  yawing  of  the  echo-ranging  ship. 
If,  for  instance,  the  angle  of  roll  is  considerably 
greater  than  the  beam  width,  the  target  sometimes 
will  be  completely  out  of  the  beam.  Under  these  con¬ 
ditions  the  target  echo  will  be  greatly  attenuated  by 
the  beam  pattern,  especially  when  the  target  is  abeam. 
This  is  true  for  both  the  transmitting  and  receiving 
patterns.  The  main  beam  of  an  ordinary  pattern  in  a 
plane  can  be  represented  to  a  good  approximation  by 
means  of  a  Gaussian  function.22 

Thus,  the  normalized  intensity  pattern  of  the  trans¬ 
mitting  beam  in  the  vertical  plane  may  be  written: 

[?<*.  0)]*-*’ 


where  Sj  is  the  value  of  9  at  which  the  intensity  is  1/e 
of  the  intensity  70  on  the  projector  beam.  The  angle  9 
is  measured  in  the  vertical  plane  relative  to  the  direc¬ 
tion  of  the  beam.  The  beam  may  be  assumed  to  be 
pointed  first  at  the  target  and  then  swung  through  a 
vertical  angle  of  ±  0max  by  the  ship’s  motion.  Since 
the  forced  roll  and  pitch  of  a  ship  in  a  resisting  me¬ 
dium  are  generally  aperiodic,23  it  may  be  assumed 
that  all  positions,  within  the  extremes  set  by  the 
angles  of  roll  and  pitch  of  the  projected  beam,  are 
equally  probable.  This  is  somewhat  optimistic,  since 
on  the  average  the  angular  velocity  of  the  rolling  ship 
will  probably  be  greatest  when  the  beam  is  pointed 
at  the  target.  However,  on  the  basis  of  the  above  as¬ 
sumption,  the  effective  transmitted  intensity  70  in  the 
direction  of  the  target  can  be  written  as 


This  is  the  so-called  error  integral  multiplied  by 
Vtt/2.  Itis  tabulated  in  Jahnke  andEmde,  Tables  of 

Functions. 

A  similar  factor  must  be  introduced  in  order  to  cal¬ 
culate  the  effective  intensity  of  the  returning  echo.  If 
S2  refers  to  the  receiving  directivity  pattern,  then  the 
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ratio  y  by  which  the  ship’s  motion  has  modified  the 
average  intensity  of  the  echo  is 


I 


(34) 


While  there  are  many  causes  of  fluctuation,  this  fac¬ 
tor  may  be  quite  important  in  determining  the  value 
of  I  in  equation  (8).  That  is,  if  7X  is  the  average  echo 
level  when  the  ship  is  not  rolling  (or  pitching)  then 
I  =  y/j  will  be  the  average  echo  level  when  the  ship 
is  rolling.  A  consideration  of  this  factor  will  indicate 
what  advantages  are  to  be  gained  by  stabilization  in 
any  individual  case. 

Table  7  gives  the  maximum  values  of  9max  for  sev¬ 
eral  types  of  ships  when  severe  storm  conditions  do 
not  prevail.24 


Table  7.  Roll  and  Pitch  Amplitudes  (in  degrees). 


Type 

Navy 

Designation 

Roll 

Summary 

Pitch 

Carriers 

CV 

±15 

±  5 

Battleships 

BB 

±15 

±  5 

(Converted  Cruiser) 

ACV 

±20 

±  7 

Carrier  Escorts 

(Converted  Merchant) 

CVE 

±20 

±  7 

Carrier  Escorts 

Heavy  Cruisers 

CA 

±20 

±  7 

Light  Cruisers 

CL 

±30 

±10 

Destroyers 

DD 

±30 

±10 

Destroyer  Escort 

DE 

±30 

±10 

Sub— Surfaced 

SS 

±20 

±10 

Sub— Submerged 

ss 

±  5 

±  2 

(Yacht  Conversions) 

PC 

±30 

±10 

Sub  Chasers 

For  the  following  example,  illustrative  of  the  use  of 
equation  (34),  the  transducer  involved  is  assumed  to 
be  HP-1.25  A  maximum  roll  angle  (9max)  of  ±  15  de¬ 
grees  is  also  assumed. 

For  the  HP-1  transducer,  the  pressure  pattern  is 
very  nearly  Gaussian  and  has  a  width  of  about  18.5 
degrees,  8.7  db  (i.e.,  1  /e)  down.  The  width  of  the  in¬ 
tensity  pattern  8.7  db  down  is  then  18.5°/ V2  =  13°, 
so  that  the  pattern  half-widths  of  equation  (34)  are 
Sj  =  82  =  6.5°.  Thus 


In  Tables  of  Functions25  it  is  stated  that  for  an  upper 
limit  of^g  =  2.3,  the  error  integral  is  1.0  for  all  prac¬ 
tical  purposes.  The  above  integral,  then,  has  the 
value  •  1  =  0.886,  and  y  is  given  by 

7  =  j  =  (0.433)2  (0.866)2  =  0.148 

If  this  ratio  is  expressed  in  db,  the  effective  average 
echo  intensity  I  is  in  this  case  8  db  below  the  value 
which  would  have  existed  if  the  ship  had  not  been 
rolling. 

If  it  is  assumed  that  a  given  target  can  be  detected 
at  a  maximum  range  of  1 .5  km  when  the  ship  is  not 
rolling  and  when  the  attenuation  coefficient  is  6  db 
per  km,  the  maximum  range  when  the  ship  is  rolling 
may  be  calculated  from  the  requirement  that  the  one¬ 
way  transmission  loss  must  now  be  4  db  less. 

The  original  transmission  loss  would  be: 

TL  =  20  logjo  1.5  +  6(1.5)  +  60  =  72.5  db, 

and  when  the  ship  is  rolling  through  ±15  degrees  it 
would  be: 

TL'  =  72.5  -  4  =  68.5  =  20  log10  r  +  6r  +  60. 

This  gives  a  range  of  slightly  less  than  1.2  km,  so  that 
the  maximum  range  is  reduced  by  0.3  km. 

3-6  COMBINATION  OF  FACTORS - 
CHARTS 

The  performance  figure  by  which  an  echo-ranging 
system  is  ultimately  judged  is  usually  the  maximum 
range  at  which  the  detection  of  a  given  target  can  be 
assured  with  average  ocean  conditions.  It  has  been 
pointed  out  repeatedly  that  the  numerical  values  of 
the  factors  which  influence  echo-ranging  conditions, 
even  for  normal  ocean  states,  are  not  well  known  at 
present;  however,  rough  values  do  exist  for  the  most 
important  factors.  It  seems  worthwhile  to  proceed 
with  the  calculation  of  maximum  ranges  in  order  to 
indicate  thereby  which  design  and  performance  fac¬ 
tors  impose  the  greatest  limitations  on  maximum 
ranges.  This  calculation  will  give  estimates  of  the 
ranges  to  be  expected  and  may  suggest  improvements 
in  design  that  will  reduce  the  range-limiting  factors. 

First,  curves  of  the  effective  pressures  at  the  hydro¬ 
phone  for  each  type  of  noise  will  be  calculated  as  a 
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function  of  range.  For  given  conditions,  one  type  of 
noise  will  predominate  with  respect  to  echoes  arriv¬ 
ing  from  a  target  at  a  given  range,  although  at  some 
ranges  several  types  of  noise  may  be  equally  effective. 
Next,  the  echo  pressure  levels,  diminished  by  the 
proper  recognition  differentials  for  the  predominant 
limiting  noise  or  noises,  will  be  plotted  for  several 
types  of  targets.  The  range  at  which  the  echo  curve 
intersects  the  predominant  noise  curve  will  then  cor¬ 
respond  to  the  maximum  detection  range  for  the  par¬ 
ticular  system,  target,  and  ocean  conditions  chosen. 

The  calculation  of  the  echo  pressure  level  is  made 
directly  from  equation  (31)  defining  target  strength, 
namely: 

Le  =  L1-2TL+T,  (31) 


then  be  made  for  the  desired  range.  Thus  if  Ltn  repre¬ 
sents  the  target  noise  at  the  distance  0.183  km  from 
the  echo-ranging  ship  and  L'tn  represents  the  target 
noise  at  the  echo-ranging  ship,  then, 

L'tn  =  Ltn  +  45  -  TL.  (36) 

The  volume  reverberation  curve  is  given  by  equation 
(20).  It  will  be  remembered  that  [PJ  is  measured 
relative  to  Lx  (or  Px),  the  pressure  level  at  1  meter 
from  the  projector,  and  is  given  by 

[PJ  =  -  60  +  De  —  2ar  —  20  log10  r 

+  10log10(!Mky  (20) 


where 


TL  =  20  log10  r  +  60  +  ar  (27) 

and  Lx  is  the  transmitted  pressure  level  on  the  trans¬ 
ducer  beam  at  a  distance  of  1  meter. 

The  curve  of  ambient  noise  pressure  for  a  given  sea 
state  will  be  a  horizontal  line  at  the  value  indicated 
by  Figure  4  for  the  operating  frequency,  adjusted  for 
the  receiving  directivity  index  of  the  transducer. 
Thus, 


L'an  =  Lan  +  D’e  (35) 

where  L'an  is  the  effective  ambient  noise  level,  and  Lan 
is  the  ambient  noise  level  for  a  nondirectional  re¬ 
ceiver.  The  receiving  directivity  index  D'e  is  inher¬ 
ently  negative. 

When  the  echo-ranging  ship  is  sufficiently  near  a 
shrimp  bed  for  shrimp  noise  to  be  a  serious  factor,  it 
can  be  treated  in  the  same  manner  as  ambient  noise. 

The  self  noise  of  the  echo-ranging  ship  is  independ¬ 
ent  of  range  and,  consequently  will  also  be  a  horizon¬ 
tal  line.  The  values  which  have  been  given  for  self 
noise  are  effective  values  so  that  no  considerations  of 
directivity  are  involved. 

The  electrical  noise  of  the  receiving  system  is  also 
a  horizontal  line  whose  position  depends  upon  the 
band  width  of  the  receiver. 

The  values  for  target  noise  are  given  for  a  range  of 
183  meters.  It  will  be  more  convenient  to  reduce  these 
values  to  the  pressure  at  1  meter  by  adding  45  db.  A 
correction  for  the  additional  loss  in  transmission  may 


Finally,  the  values  of  surface  and  bottom  reverbera¬ 
tion  can  be  computed  from: 


[Ps]  =  -110-30  log10  r  —  2«r  +  Dd  +  10  log: 


lcrrT 


+  20  log 


10 


sin  sin  (6  —  ^)^"| 2 


l_  —  sin  (9  —  xf) 


(26) 


In  all  these  equations  the  C.G.S.  system  of  units  is 
used,  except  that  r  is  expressed  in  kilometers.  For  all 
practical  purposes,  meters  and  kilometers  may  be 
arbitrarily  replaced  by  yards  and  kiloyards  respec¬ 
tively,  since  the  error  introduced  by  so  doing  is  negli¬ 
gible  compared  to  the  uncertainties  existing  in  the 
analysis  and  in  the  evaluation  of  the  experimental 
constants. 

Illustrative  calculations  from  the  data  on  the  elec¬ 
tronic  rotation  [ER]  scanning  sonar  tested  on  the 
Aide  de  Camp  are  given  in  the  next  section  and  are 
followed  by  a  comparison  of  experimental  results 
with  expectations  arising  from  the  calculations. 


37  EXAMPLE  OF  CHART  FOR  ER 
SYSTEM  ON  THE  AIDE  DE  CAMP 

The  following  numerical  data  have  been  measured 
for  the  ER  sonar  on  the  Aide  de  Camp  mentioned  in 
Chapter  1  and  described  in  greater  detail  in  Chap¬ 
ter  7. 

1.  Lx  =  1 10  db  above  1  dyne  per  sq  cm. 

2.  De  (transmitting)  =  —  9  db,  pattern  15  degrees 
down  6  db,  /  =  30  cm. 
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Figure  7.  Chart  for  ER  system  on  the  Aide  de  Camp; 
a  —  3  db/km. 


3.  D'e  (receiving)  =  —  23  db,  patterns  15  and  25 
degrees  down  6  db. 

4.  /  =  22  kc,  c  =  1.5  x  105  cm  per  sec,  A  =  6.8  cm. 

5.  f0  =  5  milliseconds. 

6.  Scanning  frequency  =  200  c,  so  that  effective  t0 

25° 

is  5  X  -gg-Q-g-  =  0.33  millisecond. 

7.  A /  (receiver  band  width)  =  4  kc. 

8.  Equivalent  pressure  of  electrical  noise  level  = 
—  24  db  vs  1  dyne  per  cm2. 

9.  Indication  is  visual  (PPI)  and  the  recognition 
differential  S  is  assumed  to  be  + 1 1  db. 

The  illustrative  calculations  will  be  made  for  a 
range  of  2  km  and  the  following  assumptions  made: 

1.  Three  types  of  targets,  namely,  a  sphere  of  1- 
meter  radius  (T  =  —6  db),  an  S-type  submarine  at 
bow  aspect  (T  —  +15  db)  and  an  S-type  submarine  at 
beam  aspect  ( T  =  +30  db). 

2.  Submarine  is  moving  at  5  knots  at  periscope 
depth. 

3.  Ideal  sound  conditions  exist  for  Figure  7. 

4.  A  negative  gradient  of  0. 1  F/3  m  and  a  10-meter 
thermocline  exist  for  Figure  8.  The  last  two  assump¬ 
tions  give  values  of  a  =  3  db  per  km  and  a  =  9  db  per 
km  respectively  (see  Figure  6). 

The  transmission  loss  at  2  km  for  a  =  3  db  per  km 
is  given  by  equation  (27). 

TL  =  20  log10  2  +  60  +  6  =  72  db 

The  echo  level  from  the  submarine  at  beam  aspect 
is  given  by  equation  (31). 

Le  =  110  -  144  +  30  =  —4  db 


Figure  8.  Chart  for  ER  system  on  the  Aide  de  Camp; 
negative  thermal  gradient  0.1  F/3  m;  10-m  thermoine; 
a  =  9  db/km. 


This  value  is  reduced  by  the  recognition  differen¬ 
tial  (11  db)  before  it  is  plotted;  e.g.,  Le  at  2  km  is 
plotted  as  — 15  db.  The  intersection  of  the  echo  curve 
and  a  particular  interference  curve  will  then  give 
directly  the  maximum  range  under  that  interference 
condition  alone. 

From  Figure  4,  the  ambient  noise  for  sea  state  4  at 
22  kc  is  —25  db  in  a  1-kc  band,  or  —19  db  in  a  4-kc 
band.  Adding  the  receiving  directivity  index  of  —23 
db  gives  an  effective  noise  level  of  —42  db. 

The  “equivalent”  pressure  level  of  the  receiver 
noise  is  24  db  below  1  bar.  This  quantity  is  measured 
by  determining  the  minimum  perceptible  pressure  in 
the  water;  thus  it  includes  the  —  1 1  db  recognition 
differential.  The  corrected  equivalent  pressure  level 
is  therefore  —35  db. 

It  is  assumed  that  the  self  noise  at  10  knots  and  22 
kc  is  given  by  Figure  4  as  —20  db  in  a  1-kc  band,  or 
— 14  db  in  a  4-kc  band. 

The  target  noise  is  computed  from  equation  (36), 
in  which  the  value  of  Ltn  at  183  meters  is  determined 
from  Figure  5  as  —12  db,  so  that  the  value  at  1  meter 
is  — 12  +  45  =  33  db.  Again  assuming  a  range  of  2  km 
and  taking  a  =  3  db  per  km,  we  obtain 

L'tn  =  33  -  72  =  -39  db. 

As  before,  6  db  must  be  added  to  account  for  the  4-kc 
band  width;  consequently,  the  plotted  value  is  —33 
db  at  2  km. 

The  volume  reverberation  level  is  determined  from 
equation  (20).  If  mv  =  3  X  10~10  cm-1  is  taken  as  an 
average  value  of  the  scattering  coefficient,1’27  then 

[PJ  =  -60  -  23  -  12  -  6  -  71  =  -172  db. 
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This  pressure  is  relative  to  Lx\  the  pressure  relative  to 
1  dyne  per  sq  cm  is  —172  +  110  =  —62  db. 

The  surface  reverberation  is  calculated  in  a  similar 
manner  taking  10~4  as  the  value  of  the  scattering  co¬ 
efficient  ms.  Since  operation  from  a  surface  ship  is  be¬ 
ing  considered,  the  grazing  angle  at  any  appreciable 
range  is  less  than  9  degrees,  so  that  ms  is  a  constant. 
For  the  Aide  de  Camp  system  ^  =  0,  sin  9  =  h/r  = 
0.003 /r,  where  h  =  0.003  km  is  the  transducer  depth. 
It  may  be  seen  that  the  last  term  of  equation  (26)  is 
negligible.  Thus,  if  Pss  is  sea-surface  reverberation 
pressure, 


[P„]  =  -110-9-12-9-22  +  0 
=  — 162  db  vs.  L1;  or 

— 162  +  110  =  — 52  db  vs  1  dyne  per  cm2. 


For  the  calculation  of  bottom  reverberation,  a  co¬ 
efficient  will  be  used  between  that  for  a  mud-and-sand 
bottom  and  that  for  a  rocky  bottom,  namely, 


mh  = 


5  x  10-2 
sin2  9° 


sin2  9. 


It  may  be  assumed  that 


sin  6  — 


K 


0.03 


where  hi  ~  0.03  km  is  the  vertical  distance  from  the 
transducer  to  the  bottom.  The  last  term  of  equation 
(26)  cannot  be  neglected  for  all  values  of  r  in  this 
calculation.  The  equation  may  be  rewritten,  with  Psb 
denoting  sea-bottom  reverberation  pressure,  as 

PVI  =  10  -  27X  +  10  log10  r  +  10  log10  ^ 


Figure  8  is  identical  with  Figure  7  except  that  a  =  9 
db  per  meter.  A  calculation28  of  the  path  of  the  limit¬ 
ing  ray  in  the  case  of  the  0.1  F/3  m  negative  tempera¬ 
ture  gradient  shows  that  a  target  at  a  depth  of  15 
meters  cannot  be  detected  at  ranges  greater  than 
about  0.9  km.  This  is  a  rather  conservative  value  for 
the  gradient. 

A  glance  at  Figure  7  shows  that  in  ideal  water  con¬ 
ditions  the  maximum  range  on  large  targets  is  lim¬ 
ited  by  the  self  noise  of  the  echo-ranging  ship.  The 
maximum  range  can  be  increased  by  lowering  the  self 
noise;  e.g.,  if  the  self  noise  were  lowered  about  20  db, 
the  range  of  the  submarine  at  bow  aspect  would  be 
increased  from  about  1  km  to  2  km.  The  limiting 
noise  at  2  km  would  be  the  sum  of  the  self  noise,  the 
electric  noise,  and  the  submarine  target  noise. 

Figure  8  shows  that  the  improvement  indicated 
above  is  probably  not  worth  while,  because  relatively 
small  negative  thermal  gradients  will  limit  the  range 
to  less  than  1  km. 

Both  Figures  7  and  8  show  that  the  ranges  of  small 
objects  are  severely  limited  by  bottom  reverberation 
in  water  of  30-meter  depth.  This  conclusion  was  veri¬ 
fied  by  the  experimental  work  reported  in  the  next 
section. 


3  *  EXPERIMENTAL  RESULTS 

A  series  of  measurements  of  the  maximum  detec¬ 
tion  ranges  of  a  sphere  of  l/g-rneter  radius  was  made 
with  the  ER  sonar  on  the  Aide  de  Camp  in  water 
depths  from  about  15  meters  to  100  meters  in  the 
vicinity  of  Boston.  The  target  and  transducer  were 
both  about  3  meters  below  the  surface.  The  following 
empirical  formula  seems  to  fit  the  data  fairly  well: 

r  =  0.183  log10/i6  -  0.133  (37) 


+  20  log10 


rsinMl. 


0.13 

r 


2 


For  r  =  2  km  and  a  =  3  db  per  km, 

[Pi4]  =  10  -  144  +  3  -  15  +  0  =  -  146  db  vs  Lu  or 
—  146  +  110  =  —36  db  vs  1  dyne  per  sq  cm. 


Figure  7  shows  the  complete  curves  of  pressure 
level  vs  range  for  the  ER  sonar  on  the  Aide  de  Camp 
for  a  —  3  db  per  km. 


where  hb  is  the  depth  of  the  water  in  meters  and  r  is 
the  range  in  km  at  which  50  per  cent  of  the  echoes  are 
detected. 

Particular  consideration  will  be  given  to  the  data 
obtained  near  Nahant  in  30-meter  water,  with  a  sea 
bottom  of  mud,  sand,  and  rock,  since  these  were  the 
conditions  assumed  in  preparing  Figures  7  and  8. 

The  range  at  which  50  per  cent  of  the  echoes  were 
recognizable  was  about  0.135  km,  which  is  in  agree¬ 
ment  with  equation  (37).  The  range  at  which  90  per 
cent  of  the  echoes  were  recognizable  was  about  0.09 
km.  The  difference  in  the  two-way  transmission  losses 
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for  the  0. 09-km  and  0.135-km  ranges  is  6  db,  which  in¬ 
dicates  that,  for  this  system  and  operator,  the  differ¬ 
ence  in  average  echo  level  for  50  and  90  per  cent  rec¬ 
ognition  probability  is  6  db,  which  is  considerably 
smaller  than  the  value  of  1 1  db  given  by  equation  (8) 
for  90  per  cent  recognition.  The  reasons  for  this  dis¬ 
crepancy  are  not  known;  however,  the  indicator  of 
this  particular  ER  system  undoubtedly  has  character¬ 
istics  not  present  in  other  indicators.  Also  this  value 
of  6  db  is  for  only  one  set  of  conditions.  The  operator 
has  reported  that  only  those  echoes  causing  appreci¬ 
able  persistence  on  the  oscilloscope  face  were  counted. 
The  ship  was  rolling  with  a  maximum  angle  of  about 
±15  degrees  when  the  measurements  were  made. 

The  value  of  the  maximum  calculated  range  of  de¬ 
tection  of  a  sphere  of  14-meter  radius  can  be  found 
from  Figures  7  and  8.  Since  T  =  —  6  db  for  the  1 -meter 
sphere  and  T  =  — 12  db  for  the  14-meter  sphere,  the 
echo  curve  of  the  latter  will  be  6  db  lower  than  that  of 
the  former.  This  gives  a  maximum  range  of  about 
0.16  km.  It  will  be  remembered  that  this  value  is  for 
80  per  cent  echo  recognition  probability,  and  that  it 
is  based  on  the  assumption  of  no  roll  or  pitch.  The 
correction  for  15  degrees  maximum  roll  was  calcu¬ 
lated  earlier  as  8  db.  On  the  average,  the  echo  level 
should  probably  be  5  to  8  db  (corresponding  to  10  to 
15  degrees  roll)  lower  than  the  value  used.  If  it  is  as¬ 
sumed  that  this  difference  must  be  made  up  in  the 
transmission  loss,  the  maximum  range  for  80  per  cent 
recognition  probability  is  about  0.11  to  0.13  km. 

If  it  is  assumed  that  the  form  of  equation  (8)  is  cor¬ 
rect  for  the  ER  indicator  and  that  6  db  is  the  value 
for  the  difference  in  average  level  for  50  and  90  per 
cent  recognition,  then  we  can  interpolate  for  the  80 
per  cent  value.  This  indicates  that  the  level  must  be 
3.5  db  higher  for  80  than  for  50  per  cent,  and  that  it 
should  be  2.5  db  lower  for  80  than  for  90  per  cent. 
When  these  corrections  are  applied  to  the  0.135-km 
and  0.90-km  experimental  values,  a  figure  of  about 
0.110  km  is  obtained  at  the  80  per  cent  recognition 
value.  This  is  to  be  compared  with  the  calculated 
value  of  0.11  to  0.13  km.  The  agreement  seems  to  be 
well  within  the  limits  of  error  of  the  calculations, 
especially  since  pecularities  in  minor  lobe  structure 
undoubtedly  produce  an  appreciable  modification 


of  the  effective  bottom  reverberation  at  such  close 
ranges. 

Experimental  work  with  ER  sonar  on  large  targets 
indicates  that  thermal  gradients  limit  range  in  many 
cases.  It  was  observed  that  80  to  90  per  cent  echo  rec¬ 
ognition  occurs  up  to  a  specific  range  and  that  no 
echoes  were  found  beyond  this  range.  This  conclu¬ 
sion  is  in  good  agreement  with  Figure  8. 

3  9  FIGURE  OF  MERIT 

From  the  experimental  point  of  view,  it  is  desirable 
to  have  a  method  of  comparing  different  echo-ranging 
systems  directly  and  under  identical  water  conditions. 
The  measurement  of  the  maximum  detection  ranges 
for  a  given  target  does  not  necessarily  afford  a  valid 
basis  for  the  comparison  of  systems,  since  in  many 
cases  thermal  conditions,  rather  than  the  character¬ 
istics  of  the  system,  limit  the  range.  A  consideration 
of  maximum  detection  ranges  is,  however,  of  para¬ 
mount  importance  in  determining  what  “price” 
should  be  paid  for  any  proposed  “improvement”  in 
the  system.  A  definite  measure  of  the  improvement 
may  be  obtained  by  determining  the  figure  of  merit. 

The  figure  of  merit  of  a  system  is  defined  as  the 
ratio,  expressed  in  db,  of  the  pressure  level  in  the 
transmitted  beam  at  1  meter  from  the  projector  to  the 
minimum  detectable  received  echo  level  at  the  hydro¬ 
phone.  The  figure  of  merit  does  not  depend  strongly 
on  existing  thermal  conditions;  however,  thermal 
conditions  may  modify  the  reverberation  level  at  the 
hydrophone,  and  this  does  influence  the  detectability 
of  echoes.  This  is  desirable  because  the  discrimina¬ 
tion  against  reverberation  may  be  an  important  char¬ 
acteristic  of  the  system.  It  must  be  emphasized  that 
the  figure  of  merit  of  a  system  as  it  has  been  defined 
has  different  values  for  different  ranges,  ocean  condi¬ 
tions,  and  speeds  of  the  echo-ranging  ship. 

The  procedure  employed  in  measuring  the  figure 
of  merit  is  discussed  in  Chapter  8.  Representative 
values  for  the  QH  Model  II  system,  which  is  a  com¬ 
mutated  rotation  sonar  system,  are  152  db  for  the 
listening  channel  and  142  db  for  the  scanning  chan¬ 
nel.  These  values  are  for  long  ranges  (low  reverbera¬ 
tion)  with  the  echo-ranging  ship  at  rest. 
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41  GENERAL  DESCRIPTION 

When  the  work  on  scanning  sonar  was  begun, 
it  seemed  clear  that  the  easiest  and  most  direct 
method  of  rotating  a  beam  of  receiving  sensitivity 
would  be  simply  to  rotate  a  directional  hydrophone 
in  the  water.  This  scanning  method  was  known  as 
mechanical  rotation  [MR]  scanning  sonar  and  the 
actual  system  which  embodied  it  was  given  the  name 
rotoscope.  Two  of  these  sonar  systems  were  built; 
the  first  was  installed  on  the  HUSL  calibration  barge 
Tippecanoe,  and  the  second  which  was  more  com¬ 
plex,  on  the  HUSL  experimental  yacht  Aide  de 
Camp. 

4,1,1  Necessary  Elements  of  MR  Scanning 
Sonar 

The  essential  functions  of  the  rotoscope  were  (1) 
to  send  out  a  pulse  of  sound  in  all  directions  simul¬ 
taneously,  (2)  to  pick  up  returning  echoes  on  the 
rotating  hydrophone,  and  (3)  to  indicate  the  range 
and  bearing  of  reflecting  objects  on  a  plan  position 
indicator  [PPI].  To  accomplish  these  functions  the 
following  principal  elements  were  required: 

1.  A  cylindrical  emitter  capable  of  sending  out  a 
pulse  of  sound  energy  with  equal  amplitude  in  all 
directions. 

2.  A  power  amplifier  to  drive  the  emitter. 

3.  A  method  of  controlling  the  emitted  pulse  in 
time  and  length. 

4.  A  rotating  directional  hydrophone. 

5.  A  receiving  amplifier,  either  single-channel,  or 
two-channel  for  use  with  bearing  deviation  indi¬ 
cator  [BDI]. 

6.  A  plan  position  indicator. 

Figure  1  is  a  block  diagram  of  such  a  system.  In 
this  figure  is  shown  a  cylindrical  projector  which  can 
emit  sonic  energy  equally  in  all  horizontal  directions 
and  which  is  energized  by  the  transmitter.  A  receiv¬ 
ing  hydrophone  with  a  horizontal  directional  sensi¬ 
tivity  is  shown  being  rotated  by  a  motor  drive.  The 
signal  from  this  rotating  hydrophone  is  amplified  by 
the  receiving  amplifier  and  used  to  brighten  a  spot 
on  the  cathode-ray  tube  plan  position  indicator.  A 
timing  device  is  necessary  to  initiate  the  ping  at  the 


Figure  1.  Block  diagram  of  mechanical  rotation  scan¬ 
ning  system. 


proper  instant  and  control  its  duration.  This  timing 
input  also  grounds  the  receiver  input  during  the  ping 
and  produces  flyback  of  the  spiral  sweep  of  the 
cathode-ray  spot  for  the  PPI.  The  timing  must  be 
controlled  by  the  rotation  of  the  hydrophone  to  in¬ 
sure  proper  sequence  of  operation  and  correct  PPI 
indication. 

The  emitting  projector  used  throughout  the  MR 
sonar  development  was  a  stack  of  commercially 
available  ring-shaped  magnetostrictive  laminations 
resonating  at  14  kc.  This  unit,  as  well  as  the  receiv- 
ing  hydrophones,  is  described  fully  in  the  section  on 
transducers. 

The  first  receiving  hydrophone  was  of  Rochelle 
salt  with  a  6x6-inch  active  surface  made  unidirec¬ 
tional  by  a  resonant  steel  backing  plate.  The  re¬ 
ceiving  hydrophone  used  with  the  Model  2  roto¬ 
scope  was  a  nickel  tube  magnetostrictive  unit.  This 
hydrophone  was  permanently  polarized  by  magnets 
inside  the  tubes  and  each  was  electrically  split  for 
simultaneous  lobe  comparison  [SLC]  reception. 

The  receiver  on  the  first  model  was  known  as  the 
automatic  volume  control  [AVC],  or  the  16-knob, 
receiver.1  The  Model  2  receiver  was  a  TVG-AVC 
amplifier  with  approximately  120  db  of  gain.  These 
receivers  are  discussed  in  detail  later  in  the  chapter. 
The  Model  2  rotoscope  also  included  a  Model  X-3 
BDI  receiver,  retuned  to  14  kc,  which  was  used  with 
the  split  hydrophone. 

The  original  transmitter  had  a  final  power-ampli¬ 
fier  stage  capable  of  supplying  50  watts  to  the  ring- 
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stack  emitter.  This  unit  was  later  replaced  in  the 
Model  1  system  by  a  transmitter  capable  of  putting 
400  watts  into  the  ring  stack.  This  400-watt  power 
amplifier  was  used  on  the  Model  1  and  later  trans¬ 
ferred  to  the  Model  2  rotoscope.  Still  later,  a  power 
amplifier  capable  of  producing  U/2  kw  was  installed. 
These  transmitters  are  described  fully  in  a  later  sec¬ 
tion  of  this  chapter. 

The  first  model  rotoscope  installed  on  the  Tippe¬ 
canoe  had  the  6x6-inch  hydrophone  mounted  inside 
a  cylindrical  steel  container  or  dome  which  could 
be  rotated  in  the  water  at  240  rpm  without  undue 
turbulence.  This  dome,  with  the  enclosed  hydro¬ 
phone,  was  hung  from  a  shaft  containing  a  universal 
joint  to  allow  for  rolling  of  the  barge.  This  mecha¬ 
nism  is  fully  described  in  Section  4.4,  “Rotating 
Rigs  for  MR  Sonar,”  and  its  associated  sweep-gen¬ 
erating  equipment  in  Section  4.8,  “Spiral  Sweep  for 
MR  Sonar.”  The  deflection  coils  of  the  PPI  were 
rotated  in  synchronism  with  the  hydrophone.  This 
rotation,  together  with  a  sawtooth  varying  excita¬ 
tion  voltage,  which  was  derived  from  a  potentiometer 
geared  to  the  hydrophone  shaft,  produced  the  PPI 
spiral  sweep. 

In  the  Model  2  rotoscope,  the  rotating  hydro¬ 
phone  and  its  driving  mechanism  were  enclosed  in 
an  airtight  container.  The  hydrophone  shaft  was 


rotated  by  a  belt  drive  from  a  countershaft  which  in 
turn  was  driven  by  a  belt  from  an  a-c  motor.  The 
hydrophone  itself  was  housed  in  a  cylindrical  steel 
container  which  rotated  inside  a  second  cylindrical 
steel  dome  held  stationary  in  the  water.  This  arrange¬ 
ment  served  to  decrease  noise  from  the  turbulence 
and  made  it  possible  to  use  the  equipment  while  the 
Aide  de  Camp  was  under  way.  Slip  rings  were  used  to 
take  the  signal  from  the  hydrophone  to  the  receiving 
amplifier  leads. 

On  the  rotating  shaft  there  was  a  cam  actuating 
a  make-break  contact  which  operated  once  every 
revolution  of  the  hydrophone.  The  pulse  generated 
by  a  voltage  across  this  contact  was  used  to  synchro¬ 
nize  the  spiral  sweep  with  the  rotation.  This  pulse 
was  also  used  through  a  trigger  circuit  to  actuate  a 
telephone  step  relay  which  controlled  the  operations 
involved  in  pinging.  The  relay  was  advanced  one 
step  for  each  revolution  of  the  hydrophone  and  the 
cycle  was  repeated  every  21  steps  so  that  the  listening 
interval  between  pings  was  5  seconds,  corresponding 
to  a  range  of  4,000  yards.  The  operations  initiated 
by  this  relay  during  one  ping  period  included  the 
following: 

1.  Closing  a  relay  to  supply  polarizing  current  for 
the  emitting  transducer. 

2.  Keying  the  driver  amplifier  from  a  14-kc 
oscillator. 

3.  Initiating  the  flyback  of  the  spiral  sweep. 

4.  Grounding  the  input  of  the  receiving  amplifier 
to  prevent  overloading  during  the  ping. 

5.  Charging  the  capacitor  to  provide  negative  bias 
for  TVG  on  both  the  regular  receiving  amplifier  and 
the  SLC  amplifier. 

The  spiral  sweep  consisted  of  a  4-cycle  oscillator, 
an  expander  circuit,  a  phase-splitting  network,  and 
two  output  channels  90  degrees  out  of  phase  which 
fed  the  deflection  coils  on  the  magnetic  cathode-ray 
tube.  This  oscillator  was  synchronized  with  the  ro¬ 
tating  hydrophone  by  means  of  the  pulse  from  the 
contactor  on  the  hydrophone  shaft. 

412  Model  1  Rotoscope 

Figure  2  is  a  block  diagram  of  the  Model  1  MR 
system  as  installed  on  the  Tippecanoe.  The  signal 
from  the  rotating  hydrophone  was  taken  off  by  means 
of  slip  rings  to  the  AVC  receiver  and  then  into  the 
brightening  grid  of  the  cathode-ray  tube  indicator. 
The  gear  box  rotated  the  potentiometer  feeding  the 
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Figure  3.  Model  1  rotoscope  racks. 


cathode  follower  to  produce  the  sawtooth  varying 
current  in  the  deflection  coils.  The  flexible  shaft, 
for  rotating  the  deflection  coils  of  the  PPI  scope  in 
synchronism  with  the  hydrophone  rotation,  is  shown 
in  the  figure,  as  is  the  keying  chassis  that  controlled 
the  ping  by  closing  the  polarizing  circuit  and  the 
oscillator  and  power-amplifier  circuit.  The  keying 
chassis  also  shorted  the  input  to  the  receiver  to  pre¬ 
vent  overload  during  the  ping.  Figure  3  shows  front 
and  back  of  the  racks  holding  the  electronic  equip¬ 
ment  of  the  Model  1  rotoscope. 

41-3  Model  2  Rotoscope 

Figure  4  is  a  block  diagram  of  the  Model  2  roto¬ 
scope  as  set  up  on  the  Aide  de  Camp.  Incoming 
sound  was  received  on  the  hydrophone,  which  was 
rotated  by  the  motor,  and  the  resulting  electric  signal 
was  passed  through  slip  rings  to  the  SLC  amplifier  or 
the  amplitude  receiving  amplifier.  From  either  of 
these,  the  signal  could  be  put  on  the  PPI  by  means 
of  a  selector  switch.  A  low-pass  filter  was  located  in 
the  receiving  amplifier  circuit.  This  unit,  which  was 
designed  to  pass  rectified  echo  pulses  but  to  reject 


high-frequency  noise  pulses,  could  be  switched  in  or 
out  at  the  operator’s  discretion.  The  loud  speaker 
was  connected  to  the  receiving  amplifier  at  all  times. 
The  contact  operated  by  a  cam  on  the  rotating  shaft 
controlled  the  stepping  relay,  which  in  turn  con¬ 
trolled  emission  of  the  ping,  synchronization  of  the 
spiral-sweep  generator,  spiral-sweep  flyback,  the 
TVG  initiation  in  both  receivers,  and  the  keying  of 
the  power  amplifier.  The  keying  of  the  polarizing 
current  circuit  for  the  ring-stack  emitter  is  not  shown 
in  this  diagram.  Figure  5  is  a  photograph  of  the 
electronic  chassis  racks  of  this  system  on  the  Aide 
de  Camp.2 

4  2  EXPERIMENTAL  WORK  AND  RESULTS 

Experimental  work  on  MR  scanning  sonar  began 
early  in  1942  and  continued  into  June  1943.2  Al¬ 
though  the  description  which  follows  deals  primarily 
with  the  rotoscope  development,  it  should  be  noted 
that  much  of  the  work  was  directed  toward  prob¬ 
lems  of  scanning  in  general  rather  than  mechanical 
rotation  in  particular.  Considerable  effort  was  de¬ 
voted  to  the  provision  of  experimental  facilities 


CONFIDENTIAL 


80 


MECHANICAL  ROTATION  SCANNING  SONAR 


which  were  later  used  for  commutated  rotation 
[CR]  and  electronic  rotation  [ER]  sonar  and  other 
projects. 

4.2.t  Preliminary  Noise  Tests  in  the 
Laboratory 

Preliminary  experimental  work  was  carried  on  in 
the  spring  of  1942  by  utilizing  a  subterranean  crystal¬ 
growing  vault  located  below  the  basement  level  of 
the  Research  Laboratory  of  Physics,  Harvard  Uni¬ 
versity.  This  vault  was  watertight  for  protection 
against  the  high  water  table  and  provided  a  con¬ 
venient  testing  tank. 

One  of  the  basic  questions  to  be  answered  for  the 
MR  system  was  whether  or  not  it  would  be  possible 
to  rotate  a  hydrophone  without  producing  trouble¬ 
some  noise  in  the  water.  A  preliminary  test  was  made 
by  rotating  a  12-inch  cylindrical  dome  in  the  water 
at  240  rpm.  The  rotating  rig,  designed  for  later  use  in 
the  Tippecanoe  installation,  was  installed  over  the 
vault  entrance  for  this  purpose.  The  results  obtained 
were  encouraging  in  two  ways;  the  rotating  dome 
hanging  from  a  universal  joint  proved  to  be  reason¬ 
ably  stable  without  restraint  below  the  joint,  and  the 
noise  generated  by  rotation  in  the  water  was  negli¬ 


gible.  A  small  crystal  hydrophone  placed  inside  the 
dome  yielded  no  observable  noise  as  a  result  of  the  ro¬ 
tation,  although  it  was  sufficiently  sensitive  to  re¬ 
spond  to  noise  produced  by  dangling  a  small  metal 
object  in  and  out  of  the  water.3 

4-2-2  Pattern  of  Receiving  Hydrophone 
When  in  Dome 

The  galvanized  iron  container  for  the  hydrophone 
used  in  the  above  tests  was  designed  to  hold  a  6x6- 
inch  Rochelle  salt  transducer.  The  effect  of  this  dome 
on  the  transducer  pattern  was  investigated.  Final  re¬ 
sults  showed  that  the  container  sharpened  the  beam 
pattern  somewhat  in  the  vertical  direction,  and  that 
the  microphone  in  the  dome  made  enough  of  an 
angle  in  the  vertical  plane  so  that  the  beam  from  one 
side  of  the  crystal  transducer  was  aimed  at  the  source 
of  sound,  but  the  one  from  the  other  side  was  not. 

Meanwhile,  a  new  6x6-inch  hydrophone  and  con¬ 
tainer  were  under  construction.  In  order  to  econo¬ 
mize  on  size,  the  walls  of  the  container  were  used  as 
supports  to  hold  the  microphone.  The  patterns  were 
found  to  be  unsatisfactory  and  the  container  was 
rebuilt,  with  channels  supported  from  the  top  to 
hold  the  hydrophone.  The  walls  were  thus  supported 


CONFIDENTIAL 


EXPERIMENTAL  WORK  AND  RESULTS 


81 


ECEIV1NG  AMPLJFIFR 


AN  POSITION  I 


[TRUNK  TERMINALS  ■  Jj 


AMPLIFIER  &  SPEAKER 


.WFFP  POWER  SUPPLY 


[SHI P  INTERCOM  SYSTEM 


s  |_ (T'amplifier  a  indicator 


MEASURING  AMPLIFIER 


[PING  DELAY  "CHASSIS 


g"  HAND  KEY 


.WAVE  ANALYZER 


RELAYS  FOR  PING  CONTROL! 


PA CKAR^OSCIL L ATORxJ p Q WER  _OS C 1 1 L . L AT QR^FO^JONITOR 


AMPLITUDE  MODULATOR 


^CAffiODE 

RAY  OSCILLOSCOPE  H 

Figure  5.  Model  2  rack  and  measuring  equipment  on  the  Aide  de  Camp. 


less  rigidly  than  before  and  satisfactory  patterns  were 
obtained.  This  hydrophone  was  made  unidirectional 
by  using  a  resonant  backing  plate  of  steel  backed 
with  pressure-release  rubber.  A  slab  of  plate  glass 
was  added  on  the  front  to  give  resonance  at  a  fre¬ 
quency  of  14.25  kc.  The  front-to-back  discrimina¬ 
tion  was  about  15  db. 

4.2.3  Installation  of  Model  1  Rotoscope 

Preparations  for  a  barge  installation  of  MR  sonar 
were  begun  in  May  1942.  By  the  end  of  July,  the 
mechanical  rotator  described  later  in  this  chapter 
had  been  installed,  and  listening  tests  were  made 
with  encouraging  results.4  The  original  pipe  support 
failed  to  run  true,  and  steel  tubing  was  substituted 
for  the  pipe  below  the  universal  joint.  Power  con¬ 
sumption  was  as  follows: 


1.  Worm  disengaged,  motor  running  free— 115 
watts,  350  volt-amperes. 

2.  Dome  rotating— 200  watts,  400  volt-amperes. 

Additional  components  of  the  system  were  in¬ 
stalled  as  they  became  available.  This  equipment  in¬ 
cluded  the  AVC  receiver,  the  14-kc  ring-stack  emitter, 
transmitter  unit,  the  ping  control  and  sweep  mecha¬ 
nism,  and  the  PPI  unit. 

On  September  8,  1942,  the  equipment  was  in¬ 
spected  by  a  committee  of  Division  6,  and  brighten¬ 
ing  on  a  sector  of  a  PPI  screen  was  obtained,  but 
pinging  or  reception  of  echoes  had  not  yet  been 
accomplished.5 

Noise  Reduction 

The  usual  installation  difficulties  were  present  and 
included  the  appearance  of  many  varieties  of  noise. 
One  principal  source,  pickup  in  the  microphone 
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cables,  was  reduced  by  improving  the  grounding  of 
the  cable  shields,  and  by  parallel-tuning  the  hydro¬ 
phone  and  cable.  A  40-millihenry  coil  and  a  capa¬ 
citor  of  0.0005  pi  were  connected  directly  across  the 
brushes.  Radial  lines,  which  appeared  on  the  CR 
screen,  were  traced  to  noise  arising  in  the  brush  and 
slip  assembly.  The  slip  rings  were  rebuilt  using 
smaller  rings,  3/s  inch  in  diameter,  made  of  coin 
silver.  The  brushes  were  also  redesigned  using  silver 
and  being  slit  so  as  to  form  five  fingers  at  the  ends. 
Two  brushes  were  used  on  each  ring.  After  these 
changes  were  made,  no  further  trouble  from  this 
source  was  experienced. 

Tests  in  Boston  Harbor 

To  obtain  a  locality  where  water  noise  was  rela¬ 
tively  low,  the  barge  with  the  installed  equipment 
was  towed  to  Pleasure  Bay  on  September  15,  I942.6 
It  was  found  possible  to  start  the  rotating  rig  by 
hand  and  to  maintain  its  motion  with  power  from 
a  1-kw  gasoline-driven  60-cycle  generator.  A  signal 
was  put  into  the  water  by  means  of  a  lxl-inch  crystal 
projector,  and  appropriate  brightening  was  obtained 
on  a  sector  corresponding  to  the  position  of  the 
source.  It  was  found  that  0.3  fiv  across  the  6x6-inch 
receiving  transducer  produced  the  minimum  signal 
for  good  brightening.  During  this  test,  indications 
appeared  on  the  PPI  which  proved  to  be  caused  by 
a  small  outboard  motorboat  about  a  i/2  mile  away. 

No  evidence  of  spurious  brightening  or  brush 
noise  was  observed  on  this  trip.  Three  days  later,  a 
second  trip  was  made  with  the  Aide  de  Camp  serving 
as  tow  vessel.  It  provided  an  extra  source  of  60-cycle 
power,7  which  freed  the  1-kw  generator  aboard  the 
barge  to  supply  power  for  the  output  stage  of  the 
transmitter.  The  available  power  was  still  not  ade¬ 
quate,  however,  to  drive  the  amplifier  to  its  rated 
400-watt  output.  In  these  tests,  the  equipment  again 
proved  sensitive  to  target  noise.  Evidence  of  echoes 
consisted  only  in  an  extra  bright  spot  superimposed 
upon  the  noise  indication  from  the  target.  Water 
noises  of  undetermined  origin  caused  appreciable 
trouble,  so  that  it  seemed  necessary  to  find  a  quieter 
location. 

Tests  in  Charles  River  Basin 

On  September  21,  1942,  the  barge  was  moved  to 
the  Charles  River  Basin  where  it  was  tied  up  along¬ 
side  the  measuring  barge  Tyler-Too. 

During  tests,  bright  spots  were  observed  on  the 


fourth  or  fifth  turn  of  the  spiral,  indicating  recep¬ 
tion  of  echoes  from  an  unidentified  target  located 
1,000  yards  upstream.8  The  gain  was  set  so  that 
reverberation  appeared  only  on  the  first  turn  of  the 
spiral.  In  this  location,  echoes  up  to  1,600  yards 
range  were  obtained,  but  there  was  no  way  of  esti¬ 
mating  the  target  strength  of  the  reflector  in  com¬ 
parison  with  that  of  a  submarine. 

Since  the  power  that  could  be  put  into  the  water 
was  limited  by  the  60-cycle  sources,  an  attempt  was 
made  to  increase  the  peak  power  for  a  given  power 
consumption  by  employing  amplitude  modulation. 
A  modulator  was  built  that  allowed  a  considerable 
choice  of  the  amount  and  rate  of  modulation,  and  it 
was  found  possible  to  increase  the  peak  intensity  by 
this  means.  However,  before  any  adequate  evalua¬ 
tion  of  the  equipment  could  be  carried  out,  the  rotat¬ 
ing  hydrophone  was  lost  as  a  result  of  an  accident. 
Though  it  was  soon  recovered,  progress  on  the  suc¬ 
ceeding  model  was  so  well  advanced  that  it  was  de¬ 
cided  not  to  remount  the  Model  I  hydrophone,  but 
to  apply  all  possible  effort  to  the  completion  of  the 
Model  2  rotoscope. 

-  The  conclusions  drawn  from  the  Model  1  roto¬ 
scope  experiments  included  the  following: 

1.  The  original  slip  rings  caused  trouble  but  the 
coin  silver  replacements  with  reduced  dimensions 
were  satisfactory. 

2.  The  AVC  receiving-amplifier  characteristics 
were  not  satisfactory. 

3.  Rotation  of  the  hydrophone  in  its  container  did 
not  generate  sufficient  noise  to  cause  trouble. 

4.  Difficulties  with  the  mechanically  rotated  de¬ 
flection  coils  led  to  the  development  of  an  electronic 
spiral  sweep. 

5.  The  work  was  handicapped  by  power  limita¬ 
tions,  both  with  respect  to  60-cycle  supply  and  to 
driving  power  obtainable  from  the  400-watt  ampli¬ 
fier. 

6.  The  lack  of  a  calibrated  target  was  a  serious 
handicap. 

7.  The  tests,  as  far  as  they  went,  revealed  no  funda¬ 
mental  difficulty  in  the  way  of  scanning.9’ 10 

4.2.4  Model  2  Rotoscope  Experiments 

The  installation  of  the  rotating  microphone  as¬ 
sembly  on  the  Aide  de  Camp  was  completed  on  Octo¬ 
ber  23,  1942.  This  installation  included  the  12x12- 
inch  tube-and-plate  hydrophone,  described  later  in 
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this  chapter,  mounted  in  the  airtight  rotation  rig. 
The  TVG  receiver  and  a  7-inch  cathode-ray  tube  PPI 
were  installed.  The  400-watt  power  amplifier  was 
transferred  from  the  Tippecanoe  to  the  Aide  de 
Camp  together  with  the  14-kc  ring-stack  emitter.  The 
ping-control  relay  unit  was  also  installed  in  a  crude 
form  along  with  the  electronic  sweep  circuit.  Both 
of  these  are  discussed  in  detail  later. 

The  initial  tests  revealed  various  troubles,  which 
were  discussed  in  a  2-day  conference,  November  12- 
13,  1942. 11  Proposed  improvements  included: 

1.  Replacement  of  the  15-mil  medium-temper 
nickel  tubes  by  10-mil  soft  nickel  for  greater  sensi¬ 
tivity. 

2.  Shock-mounting  of  the  12x1 2-inch  hydrophone 
to  insulate  it  from  mechanical  vibration  of  the  rotat¬ 
ing  support  shaft. 

3.  Substitution  of  a  cam-operated  synchronizing 
switch  for  the  gear-driven  4-cycle  generator  in  order 
to  eliminate  gear  noise. 

4.  Improvement  of  ground  connections. 

5.  Reduction  of  electric  noise  from  d-c  motors. 

6.  Reduction  of  switching  transients  during  the 
flyback  of  the  spiral  sweep. 

7.  Provision  of  means  for  training  the  rotating 
hydrophone  by  hand. 

While  these  changes  were  being  made,  a  4.8-kva 
generator  was  installed  on  the  Aide  de  Camp,  and  the 
first  trial  of  the  complete  Model  2  rotoscope  was 
made  December  19,  1942.12- 13> 14  Tests  and  improve¬ 
ments  on  this  model  continued  with  minor  interrup¬ 
tions  until  June  10,  1943,  when  it  was  removed  to 
make  room  for  CR  scanning  sonar  equipment. 

Tests  on  System  Components 

The  400-watt  driver-amplifier  caused  considerable 
trouble  until  it  was  replaced  in  March  1943  by  a  1.5- 
kw  amplifier.  An  8-db  improvement  in  signal-to- 
noise  ratio  was  obtained  with  the  increased  driving 
power.  The  new  amplifier  again  made  the  60-cycle 
power  source  inadequate,  until  an  additional  genera¬ 
tor  was  installed. 

The  receiving  amplifier  was  subject  to  numerous 
tests.  Its  TVG  characteristics  were  measured  and 
modified  from  time  to  time  and  interaction  of  the 
TVG  setting  with  the  main  gain  control  was  cor¬ 
rected.15  The  receiver  had  an  output  attenuator  and 
it  was  found  that  at  a  commonly  used  setting  of  this 
attenuator  the  dynamic  range  was  only  5  or  6  db. 
A  rectifier  and  a  filter,  added  in  April  1943,  were  de¬ 


signed  to  produce  maximum  brightening  on  a  pulse 
shaped  like  that  obtained  by  sweeping  the  receiving 
beam  through  a  target  echo.  Under  certain  condi¬ 
tions  the  d-c  method  of  brightening  improved  the 
appearance  of  the  scope  considerably. 

Tests  on  SLC  brightening  were  conducted  with  a 
Model  X-3  BDI  unit,  modified  for  14-kc  operation.18 
Pattern  measurements  showed  that  the  12xl2-inch 
hydrophone  was  not  very  satisfactory  as  a  split  pro¬ 
jector;17  nevertheless,  it  produced  narrowing  of  echo 
images  on  the  PPI  scope.  In  general,  the  objection  to 
SLC  brightening  was  that  spots  due  to  electric  noise 
and  actual  echoes  all  looked  alike  on  the  scope.  The 
delineation  of  shore  lines  was  less  easy  to  interpret 
with  SLC  than  with  straight  reception.  It  was  noted 
that  the  recognition  of  echoes  on  the  PPI  screen  was 
aided  by  the  audible  signals,  even  though  the  latter 
were  quite  short.  Calculation  showed  that  echoes  of 
about  0.020-second  duration  were  obtained  which 
were  sufficient  for  recognizing  doppler. 

Attempts  to  calibrate  the  12xl2-inch  hydrophone 
after  it  was  mounted  were  unsuccessful,  partly  be¬ 
cause  large  fluctuations  in  the  output  occurred  when 
steady  sound  was  put  into  the  water. 

A  ping-delaying  device  was  installed  in  January 
1943  and  tested  without  appreciable  success,  largely 
because  of  the  lack  of  constant  echoes  from  the  na¬ 
tural  reflectors  available.  The  purpose  of  this  device 
was  to  improve  range  accuracy  by  bracketing  the  tar¬ 
get  between  two  successive  turns  of  the  spiral.18 

Amplitude  modulation  of  the  ping  was  tried  on 
various  occasions,  but  no  conclusion  could  be  drawn 
concerning  its  effect  on  echo-to-reverberation  ratio 
because  of  the  lack  of  reliable  echoes. 

Reverberation  studies  received  considerable  atten¬ 
tion.  In  the  water  accessible  to  the  Aide  de  Camp 
the  strong  bottom  reflections  could  not  be  distin¬ 
guished  from  surface  and  volume  reverberation,  and 
it  was  found  that  reverberation  intensity  fluctuated 
more  or  less  in  synchronism  with  the  rotation  of  the 
hydrophone.  Tests  were  conducted  with  the  hydro¬ 
phone  stationary,  pointed  successively  in  different  di¬ 
rections,  and  large  variations  in  the  reverberation 
pattern  were  obtained  as  a  function  of  direction. 
Even  in  the  deepest  water  reached  by  the  Aide  de 
Camp— about  300  feet— effects  of  this  kind  were  ob¬ 
served.19  The  reverberation  studies  were  conducted 
partly  with  a  high-speed  level  recorder  and  partly 
with  a  cathode-ray  oscilloscope  [CRO]  provided 
with  an  auxiliary  slow  sweep.  The  sweep  rate  was 
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adjusted  to  agree  with  the  pinging  rate  and  photo¬ 
graphs  of  the  scope  face  were  taken.  Comparisons 
were  made  between  the  reverberation  obtained  with 
the  0.250-seconcl  ping  required  by  the  rotoscope’s 
MR  scanning  system  and  the  0.035-second  ping  that 
was  to  be  used  in  the  CR  scanning  sonar.2  The  re¬ 
verberation  intensity  was  very  much  less  in  the  latter 
case,  but  no  statistical  analysis  of  the  data  was  made, 
since  results  of  reverberation  studies  made  at  the  San 
Diego  Laboratory  were  available. 

Tests  of  39-kc  operation  were  carried  out.  Since 
the  hydrophone  had  a  secondary  response  at  39  kc, 
a  ring-stack  emitter  was  made  to  match  this  fre¬ 
quency.  The  results  of  the  tests  were  disappointing 
and  it  was  found  that  the  39-kc  pattern  of  the  hydro¬ 
phone  was  unsatisfactory,  with  minor  lobes  only  6 
db  down. 

4.2.5  Evaluation  of  Model  2  Rotoscope 

Attempts  to  evaluate  the  rotoscope  as  an  echo¬ 
ranging  system  were  handicapped  in  many  ways.  The 
lack  of  a  suitable  target  was  a  primary  difficulty.  The 
development  of  a  reliable  echo  repeater  was  pro¬ 
ceeding  concurrently  with  these  tests,  but  by  the 
time  the  repeater  was  in  satisfactory  working  condi¬ 
tion,  seasonal  deterioration  in  water  conditions  in 
the  vicinity  of  Boston  had  progressed  markedly.  On 
one  occasion  echoes  from  the  repeater  were  received 
up  to  ranges  of  200  yards.  On  another  occasion  they 
were  obtained  from  the  repeater  at  1,600  yards,  but 
not  at  shorter  or  longer  ranges.  Echoes  on  surface 
vessels  were  occasionally  obtained  up  to  the  maxi¬ 
mum  of  3,800  yards,  as  estimated  by  comparison 
with  the  ping  rate  of  the  rotoscope,  and  at  other 
times  were  completely  unobtainable  regardless  of 
range.20’  21 

One  expedient  which  was  tried  in  the  test  program 
was  the  modification  of  an  echo  repeater  to  send  back 
signals  with  an  artificial  doppler.  The  ping  reaching 
the  echo-repeater  hydrophone  was  made  to  key  an 
oscillator  set  for  a  frequency  differing  slightly  from 
that  of  the  ping.  In  this  way  it  was  possible  to  recog¬ 
nize  the  signal  from  the  echo  repeater,  even  in  the 
harbor  in  the  presence  of  reflections  from  shore  lines, 
bottom  irregularities,  and  shipping. 

Altogether,  about  60  experimental  trips  were  con¬ 
ducted,  including  two  overnight  trips  to  Gloucester 
to  permit  tests  in  300-foot  water  off  Cape  Ann.  On  a 
few  occasions  the  results  were  very  promising  but 


there  was  no  way  of  comparing  the  effectiveness  of 
the  reflectors  with  submarines.  It  was  concluded  that 
the  reverberation  level  of  a  0.250-second  ping  was  too 
high  for  reliable  echo  ranging  considering  the  beam 
pattern  and  sensitivity  of  the  hydrophone  being  used. 
It  may  well  be,  however,  that  this  conclusion  was  cor¬ 
rect  only  for  the  shallow  water  in  which  tests  were 
conducted  and  that  peculiarities  of  the  rotoscope 
receiver  contributed  to  the  unsatisfactory  perform¬ 
ance  of  the  system. 

The  use  of  the  mechanical  rotation  scanning  sonar 
had  not  been  contemplated  for  naval  service,  nor 
did  it  ever  reach,  in  its  echo-ranging  form,  a  level 
of  performance  suitable  for  such  service. 

MR  scanning  sonar  was  developed  to  pave  the 
way  for  the  commutated  rotation  scanning  systems. 
Application  of  the  MR  principle  to  listening  sys¬ 
tems  for  service  use  was,  as  mentioned  in  Chapter  1, 
carried  out  by  other  organizations. 

4-3  TRANSDUCERS 

4.3.t  1 5-incfi  Magnetostriction  Ring-Stack 
Emitter 

The  emitter  used  throughout  the  HUSL  experi¬ 
ments  on  the  MR  scanning  sonar  was  a  ring  stack 
manufactured  by  the  International  Projector  Com¬ 
pany  and  was  designed  to  be  resonant  at  approxi¬ 
mately  14  kc.  Its  general  mechanical  construction  is 
shown  in  Figure  6.  This  photograph  shows  the  top 
of  the  ring  stack  as  it  was  suspended  in  the  well  of  the 
Aide  de  Camp.  The  laminations  were  made  of  0.010- 
inch  nickel  annuli  having  an  outside  diameter  of  5 
inches;  the  overall  height  of  the  unit  was  15% 
inches.  The  hydrophone  was  wound  with  24  turns  of 
Gencaseal  insulated  wire,  which  passed  through 
holes  near  the  periphery  of  the  nickel  annuli  (see 
Figure  7). 

The  directionality  of  this  unit  is  indicated  in 
Figure  8  which  shows  the  vertical  pattern.  The  hori¬ 
zontal  pattern  was  flat  to  within  1  db.  Figure  9 
shows  the  frequency  response.  No  attempt  was  made 
to  calibrate  the  field  so  that  the  exact  nature  of  the 
curve  was  indeterminate;  that  is,  when  the  curve  was 
plotted,  no  corrections  were  made  for  the  character¬ 
istics  of  the  receiving  hydrophone  and  amplifier. 

Motional  impedance  curves,22  taken  both  in  water 
and  in  air  while  a  10-ampere  polarizing  current  was 
used,  showed  that  the  impedance  at  resonance  in  air 
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Figure  6.  Ring-stack  emitter  (14-kc)  mounted  in  Aide 
de  Camp  well. 


was  11.6  +  j 32.32  ohms,  and  the  impedance  at  reso¬ 
nance  in  water  was  12.0  +  /30.0  The  mechanical  Q  in 
air  was  approximately  48,  while  the  mechanical  Q.  in 
water  was  25.  From  these  data  the  efficiency  at  reso¬ 
nance  was  computed  to  be  32  per  cent. 


Figure  7.  Horizontal  section  of  14-kc  ring-stack  emitter. 


4  3  2  6x6-inch  Crystal  Hydrophone 

The  first  receiving  hydrophone  used  with  this  sys¬ 
tem  was  a  6x6-inch  crystal  unit  consisting  of  4  sec¬ 
tions,  each  section  3x3  inches  with  four  parallel 
groups  of  six  crystals  in  series.  The  crystals  were  45- 
degree  X-cut  Rochelle  salt,  1 1/2  by  7/16  by  14  inches. 
Copper-foil  electrodes  were  used,  and  clear  Glyptal 
cement  held  the  individual  crystals  together.  The 
diaphragm  was  made  of  ^g-inch  plate  glass. 

Since  the  crystal  hydrophone  was  to  revolve  at  a 
speed  of  4  rps,  it  was  necessary  to  surround  it  with  a 
cylindrical  container  or  dome.  The  general  appear¬ 
ance  of  the  first  mounting  will  be  seen  from  the  draw¬ 
ing  in  Figure  10.  The  dome  and  hydrophone  were 
both  attached  rigidly  to  the  supporting  shaft.  Free- 
flooding  holes  in  the  cylinder  allowed  it  to  fill  with 
sea  water  when  in  use.  The  patterns  obtained  with 
this  hydrophone  were  poor,  and  in  addition  were 
double-sided  since  there  was  no  backing  plate  on  the 
hydrophone. 

For  this  reason  a  second  6x6-inch  crystal  hydro¬ 
phone  was  constructed  and  mounted  inside  a  dome 
somewhat  smaller  than  the  first.  As  finally  built,  the 
hydrophone  was  supported  at  the  top,  thereby  elimi¬ 
nating  the  mechanical  connection  at  the  sides  be¬ 
tween  the  container  and  the  hydrophone.  This  ar¬ 
rangement  produced  patterns  which  were  somewhat 
better  than  before,  but  still  not  so  good  as  desired. 
The  pattern  of  the  hydrophone,  with  its  backing 
plate,  outside  the  cylindrical  container  is  shown  in 
Figure  11  while  Figure  12  gives  a  pattern  taken  on 
the  same  hydrophone  when  mounted  inside  the  con¬ 
tainer.  Both  patterns  were  taken  at  a  frequency  of 
14  kc.  No  calibration  was  made  in  absolute  terms, 
but  a  frequency  response  curve  without  correction 
for  the  characteristics  of  the  measuring  transducer  is 
given  in  Figure  13. 


Figure  8.  Vertical  pattern  of  14-kc  ring-stack  emitter. 
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Figure  9.  Frequency  response  of  14-kc  ring-stack  emitter. 


The  6x6-inch  crystal  hydrophone  was  employed 
for  the  experiments  on  the  barge  Tippecanoe  as  out¬ 
lined  earlier  in  this  chapter.9 

4.3.3  12xl2-inch  Magnetostriction 
Hydrophone 

The  first  definitive  data  obtained  on  a  hydrophone 
for  MR  sonar  were  those  taken  on  the  12xl2-inch 
magnetostrictive  tube  hydrophone.23  This  hydro¬ 
phone  consisted  of  a  steel  diaphragm  upon  which 
were  mounted  112  magnetostrictive  nickel  tubes, 
which  in  turn  were  surrounded  by  coils  of  magnet 
wire  wrapped  on  wooden  spools.  The  112  coils  were 
mounted  between  two  pieces  of  14-inch  plywood  to 
form  a  rigid  mechanical  unit,  the  coil  assembly  being 
held  to  the  diaphragm  by  16  stanchion  bolts  project¬ 
ing  up  from  its  edges.  The  working  assembly  (i.e., 
the  diaphragm,  nickel  tubes,  and  coil  assembly)  fitted 
into  the  hydrophone  box,  which  was  made  of  1/16- 
inch  steel.  The  thin  edges  of  the  diaphragm  plate 
were  clamped  against  a  narrow  rubber  gasket  to  make 
the  entire  assembly  watertight. 

The  diaphragm  was  made  from  a  piece  of  steel 
113/4  inches  square  and  s/8  inch  thick;  a  5/ 16-inch 
border  around  the  edge  of  it  was  milled  down  to  a 
thickness  of  1/16  inch,  and  the  remaining  thick 
part  of  the  plate  was  grooved  diagonally  by  slots  1/16 
inch  wide  and  5/16  inch  deep.  These  served  to  cut 
the  plate  into  112  squares,  approximately  1  inch  on 
a  side.  The  purpose  of  slotting  the  diaphragm  was 
to  reduce  the  mechanical  coupling  between  the  indi¬ 
vidual  magnetostrictive  units,  thereby  allowing  each 
square  with  its  individual  tube  assembly  to  act  inde¬ 
pendently  of  the  rest. 


The  nickel  tubes  were  0.015x0.375x3.7  inches 
and  of  medium  temper.  One  such  nickel  tube  was 
butt-soldered  to  each  of  the  112  full  squares  on  the 
diaphragm,  the  coil  assembly  being  used  as  a  jig  to 
hold  the  tubes  in  place  while  they  were  being 
soldered. 

The  coils  were  wound  with  104  half-turns  of  No. 
20  En  SCC  magnet  wires  on  wooden  spools  which  had 
overall  dimensions  of  15/16-inch  diameter  by  2-inch 
length  and  which  had  been  boiled  in  paraffin  before 
winding.  The  holes  in  the  wooden  spools  were 
reamed  out  to  7/16  inch  after  the  nickel  tubes  had 
been  soldered  in  place.  The  112  completed  coils  were 
glued  with  Glyptal  cement  between  two  pieces  of  14- 
inch  plywood  in  which  had  been  drilled  a  pattern  of 
14-inch  holes  to  match  the  holes  in  the  wooden  spools. 
The  ends  of  the  wires  from  the  coils  were  drawn 
through  small  holes  in  the  upper  plywood  plate.  The 
entire  coil  assembly  was  then  cooked  in  hot  paraffin, 
allowed  to  cool,  and  then  given  a  quick  dip  to  put 
a  coating  of  paraffin  over  all  exposed  surfaces.  When 
the  coil  assembly  was  mounted,  it  was  adjusted  down 


F'igure  10.  Sketch  of  6x6-inch  crystal  hydrophone  in 
dome. 
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Figure  11.  Receiving  pattern  o£  6x6-inch  crystal  hydro¬ 
phone  (outside  container). 


Figure  12.  Receiving  pattern  of  6x6-inch  crystal  hydro¬ 
phone  (inside  container). 


close  to  the  diaphragm  plate  so  as  to  have  the  coils  as 
near  the  bases  of  the  nickel  tubes  as  possible.  This 
coil  position  had  been  shown  to  be  approximately  the 
best  by  certain  simple  preliminary  experiments. 

Magnetic  polarization  of  the  nickel  tubes  was  pro¬ 
vided  by  placing  a  3/16-inch  by  1^4-inch  alnico  mag¬ 
net  lengthwise  inside  each  tube.  The  upper  ends  of 
the  magnets  were  held  in  a  symmetrical  position  by 
embedding  each  in  the  center  of  a  piece  of  wooden 
dowel  rod  which  was  fitted  loosely  into  the  tube  and 


Figure  13.  Frequency  response  of  6x6-inch  crystal  hydro¬ 
phone. 


extended  about  1  /64  inch  above  its  open  end.  To 
eliminate  any  possibility  of  the  magnets  and  their 
wooden  dowel  keepers  being  thrown  out  of  place  by 
rapid  rotation  of  the  hydrophone,  a  plate  of  paraffin- 
boiled,  14 -inch  plywood  was  mounted  on  the  same 
stanchion  bolts  that  supported  the  coil  assembly  so 
that  it  just  cleared  the  tops  of  the  nickel  tubes. 

A  sectional  drawing  showing  the  details  described 
above  is  given  in  Figure  14. 


Figure  14.  Cross  section  of  12xl2-inch  magnetostriction 
hydrophone. 
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Figure  15.  Receiving  pattern  of  12xl2-inch  magneto¬ 
striction  hydrophone. 

The  hydrophone  was  divided  electrically  into  right 
and  left  halves,  with  the  coils  in  each  half  being  con¬ 
nected  in  series.  The  original  intention  was  that  the 
a-c  resistance  of  each  half  should  be  200  ohms  so  that 
when  the  two  halves  were  connected  in  parallel,  the 
resistance  would  be  100  ohms.  Unfortunately,  how¬ 
ever,  the  nickel  tubing  used  in  the  construction  of  the 
hydrophone  was  of  a  different  temper  from  the 
samples  and  the  resistance  in  the  finished  unit  was 
only  about  half  the  desired  value. 

The  frequency  response  was  found  to  remain 
about  constant  from  7  kc  to  12  kc,  then  to  increase 
about  20  db  to  a  peak  somewhere  between  14.2  kc 
and  14.4  kc.  Above  this  value,  response  decreased 
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Figure  16.  Frequency  response  for  12xl2-inch  magneto¬ 
striction  hydrophone  following  rebuilding. 


smoothly  by  about  30  db  to  a  minimum  at  23  kc  and 
then  remained  very  low  until  40  kc  was  reached, 
where  the  response  rose  sharply  to  within  15  db  of 
the  former  peak  at  14  kc.  The  40-kc  peak  was  due  to 
the  vibration  of  the  nickel  tubes  in  the  second 
longitudinal  mode.  The  shape  of  the  frequency- 
response  peak  at  resonance  indicated  that  the  me¬ 
chanical  (5  of  the  hydrophone  was  about  15. 

The  azimuth  response-pattern  is  shown  in  Figure 
15.  The  patterns  taken  with  the  hydrophone  outside 
the  dome  are  almost  identical  with  those  taken  with 
it  in  the  dome,  except  for  a  slight  change  in  the  shape 
of  the  minor  lobes. 

Reliable  figures  cannot  be  given  for  the  absolute 
sensitivity  of  the  12x1 2-inch  hydrophone  because  of 
difficulty  with  the  standard  comparison  hydrophone 
on  the  day  the  measurements  were  made.  By  compar¬ 
ing  with  previous  performance  of  the  standard,  it  ap¬ 
peared  that  the  following  sensitivities  (in  decibels 
below  1  volt  per  bar)  were  obtained  at  the  stated 
frequencies:  at  10  kc,  —98;  at  15  kc,  —68  (resonance); 
and  at  20  kc,  —99. 

Tests  with  sample  units  indicated  that  proper  an¬ 
nealing  of  the  nickel  tubes,  and  also  a  slotting  of  the 
tube,  would  increase  the  sensitivity  of  the  hydro¬ 
phone  by  approximately  35  db.  Proceeding  on  this 
information,  the  hydrophone  was  rebuilt  and  the  un¬ 
annealed  seamless  nickel  tubes  were  replaced  with 
0.010-inch  slotted  tubes,  annealed  in  hydrogen  at 
1600  F. 

The  frequency  response  for  the  rebuilt  hydro¬ 
phone  is  shown  in  Figure  16.  The  mechanical  Q  of 
the  hydrophone  as  obtained  from  the  frequency-re¬ 
sponse  curve  was  approximately  30,  as  contrasted 
with  the  value  of  50  obtained  from  the  impedance 
circle,  and  was  essentially  the  same  as  before  the  unit 
was  rebuilt. 

The  directivity  pattern  was  not  so  good  as  before, 
the  highest  minor  lobe  being  only  10  db  down,  but 
the  degree  of  asymmetry  was  about  the  same.  The  im¬ 
pedance  at  the  13.5-kc  resonance  was  found  to  be  49+ 
/1 59  ohms,  the  absolute  sensitivity  was  81.1  db  below 
1  volt  per  bar,  and  the  directivity  ratio  was  approxi¬ 
mately  0.015  as  compared  with  a  theoretical  value  of 
0.0101.  The  efficiency  of  the  unit  as  a  receiver  was  cal¬ 
culated  to  be  approximately  9  per  cent  and  as  a  pro¬ 
jector  approximately  13  per  cent.  The  efficiency  as  de¬ 
termined  from  impedance  loops  in  air  and  water  was 
approximately  12  per  cent. 

Early  in  1943,  it  was  suggested  that  the  12xl2-inch 


CONFIDENTIAL 


ROTATING  RIGS  FOR  MR  SONAR 


89 


magnetostrictive  tube  hydrophone  be  used  at  its  high¬ 
er  resonance  of  39  kc.  A  2x6-inch  cylindrical  emitter 
was  accordingly  constructed  so  that  tests  could  be 
made  at  that  frequency.  Although  the  sensitivity  of 
the  12xl2-inch  hydrophone  was  lower  by  about  15  db 
at  39  kc  than  at  14  kc,  the  frequency  for  which  it  was 
constructed,  it  was  expected  that  both  reverberation 
and  echo  would  be  attenuated  and  that  water  noise 
would  be  less  at  the  higher  frequency.  The  chief  rea¬ 
son  for  making  such  comparisons  was  to  establish  the 
relative  importance  of  attenuation  and  sharpness  of 
hydrophone  pattern  in  scanning  sonar  systems.  Tests 
made  at  39  kc,  however,  indicated  that  the  pattern  of 
the  12x1 2-inch  microphone  at  39  kc  was  very  poor, 
with  minor  lobes  down  only  6  db. 


4A  ROTATING  RIGS  FOR  MR  SONAR 
4.4.1  For  Model  1  Rotoscope 

The  Model  1  rotoscope,  installed  on  the  barge 
Tippecanoe,  used  a  3-inch  pipe  to  support  the  6x6- 
inch  crystal  hydrophone.  This  pipe  was  actually  in 
two  pieces,  but  was  joined  together  by  a  universal 
joint  in  an  attempt  to  reduce  vibration  and  to  keep 
the  hydrophone  rotating  smoothly  in  the  water. 

The  driving  motor  was  mounted  on  the  top  of  the 
shaft-supporting  structure  and  drove  the  shaft  by 
means  of  a  worm  gear,  while  an  extension  of  the  mo¬ 
tor  shaft  terminated  in  a  gear  box  from  which  a  vari¬ 
ety  of  rotation  speeds  could  be  obtained  for  timing 
purposes.  One  shaft  in  the  gear  box  rotated  at  1/5 
rps  and  was  used  to  drive  the  PPI  sweep-expander 
potentiometer.  Another  shaft  rotating  at  1/10  rps, 
supported  a  wheel  on  whose  circumference  were 
mounted  two  machine  screws  180  degrees  apart.  Dur¬ 
ing  operation,  these  tripped  a  microswitch  to  produce 
the  ping  once  every  5  seconds  (4,000-yard  range) .  A 
third  shaft  rotated  at  36  rps  was  used  to  drive  the 
flexible  shaft  which  turned  the  PPI  deflection  coils 
through  a  9: 1  gear  ratio  on  the  neck  of  the  cathode- 
ray  tube  of  the  PPI  indicator. 

The  cable  from  the  rotating  hydrophone  came 
through  a  water  seal  at  the  top  of  the  hydrophone  and 
ran  up  the  inside  of  the  shaft,  by-passing  the  uni¬ 
versal  joint  by  coming  out  of  the  lower  pipe  and  go¬ 
ing  back  into  the  upper  one.  At  the  top  of  the  pipe 
were  five  slip  rings,  of  which  three  were  used  to  take 
the  signal  from  the  hydrophone  to  the  receiver.  Two 
of  these  rings  were  for  signal  leads  and  the  third  was 
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Figure  17.  Diagram  of  rotation  rig  for  Model  1  roto¬ 
scope. 


for  the  cable  shield.  The  two  extra  slip  rings  were 
supplied  in  case  SLC  should  be  used. 

Figure  17  is  a  sketch  of  the  rotating  rig  as  used  on 
the  barge. 

4-4.2  For  Model  2  Rotoscope 

In  the  Model  2  rotoscope  installed  on  the  Aide  de 
Camp  the  hydrophone  was  supported  on  rubber 
mountings  within  a  cylindrical  container  which  ro¬ 
tated  with  it.  Its  supporting  shaft  ran  up  through  a 
“cutless”  rubber  bearing  and  was  supported  by  a 
thrust  bearing  at  the  top.  It  was  belt-driven  from  a 
countershaft  which  in  turn  was  belt-driven  by  an  a-c 
motor  (see  Figure  18).  The  top  of  the  rotating  hydro¬ 
phone  shaft,  as  in  Model  1,  had  five  slip  rings  on 
which  the  cable  from  the  hydrophone  terminated, 
and  had  an  attached  cam  operating  a  make-and-break 
contactor  for  ping  control  and  synchronization. 

The  hydrophone  container  was  surrounded  by  a 
thin  stainless  steel  dome  which  remained  stationary 
in  the  water.  This  outer  dome  was  attached  to  a  large 
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Figure  18.  Top  view  of  driving  motor  and  countershaft, 
rotation  rig  for  Model  2  rotoscope. 


pipe  surrounding  the  driving  shaft  and  supported  by 
the  upper  housing  that  contained  the  driving  motor, 
slip  rings,  etc.  The  assembly  is  shown  in  Figure  19. 

Both  the  hydrophone  container  and  the  stationary 
dome  contained  salt  water  which  was  later  replaced 
by  a  solution  of  Prestone  in  water,  to  obtain  some 
lubricating  action  on  the  cutless  bearing.  The  whole 
assembly  was  watertight  and  nearly  airtight.  While 
in  operation,  air  was  pumped  in  to  create  a  pressure 
of  about  2  or  3  pounds  per  square  inch  to  make  cer¬ 
tain  that  the  water  level  in  the  assembly  did  not  rise 
as  high  as  the  slip  rings  while  the  whole  rotating  sys¬ 
tem  was  in  the  lowered  operating  position,  as  the  slip 
rings  were  then  below  the  external  water  level.  A  40- 
watt  electric-light  bulb  was  mounted  in  the  upper 
housing  near  the  motor  and  was  kept  burning  while 
the  motor  was  not  in  use  in  an  attempt  to  keep  mois¬ 
ture  from  injuring  the  slip  rings  and  the  driving  mo¬ 
tor.  A  crank  fitting  was  installed  on  the  top  of  the 
countershaft  so  that  a  crank  inserted  through  a  hole 
in  the  top  cover  could  be  used  for  manual  training 
of  the  hydrophone.  After  initial  adjustments  had 
been  made,  this  rotating  rig  performed  in  a  satisfac¬ 
tory  manner. 


4-5  INDICATORS  FOR  MR  SCANNING 
SONAR 

Both  Model  1  and  Model  2  rotoscope  models  were 
highly  experimental  in  nature  and  so  designed  that 
each  separate  function  was  performed  by  a  different 
chassis,  usually  with  its  own  power  supply.  In  both 
models,  however,  the  actual  echo  indication  was  pre¬ 
sented  on  a  PPI  type  of  display.  In  Model  1,  a  5-inch 
special  radar  tube  with  a  very  small  neck  was  used. 

A  high-voltage  power  supply  of  the  conventional 
variety  was  mounted  on  the  same  chassis  as  the  PPI 
scope.  Figure  20  is  a  schematic  diagram  of  the  circuit 
used.  The  cathode-ray  tube  was  of  the  magnetic  focus¬ 
ing  type  which  had  a  long  persistence  screen  and  used 
a  second  anode  voltage  of  about  3,000  volts.  The  fo¬ 
cusing  was  adjusted  by  means  of  a  potentiometer 
which  controlled  the  current  through  the  focusing 
coil,  while  the  intensity  of  the  cathode-ray  beam  was 
controlled  by  adjusting  the  voltage  on  the  first  anode 
and  on  the  grid.  Signal  from  the  receiver  was  applied 
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Figure  19.  Assembly  view  of  rotation  rig  for  Model  2 
rotoscope. 
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Figure  22.  Block  diagram  of  receiver.  Model  1  rotoscope. 


as  a  positive  pulse  to  the  grid  of  the  cathode-ray  tube 
in  order  to  produce  brightening  of  the  spot  at  the 
appropriate  range  and  bearing. 

The  spiral-sweep  generating  equipment  is  de¬ 
scribed  in  Section  4.8,  “Spiral  Sweep  for  MR  Sonar.” 

The  Model  2  rotoscope  on  the  Aide  de  Camp  also 
used  a  cathode-ray  tube  as  an  indicator.  This  was  a 
standard  7-inch,  long-persistence  screen  type,  similar 
to  the  Model  7BP7  which  was  later  used  in  the  Model 
XQHA  scanning  sonar.  As  in  Model  1,  the  indicator 
chassis  contained  the  power  supply  for  the  cathode- 
ray  tube  itself.  Figure  21  gives  a  schematic  diagram  of 
this  power  supply,  which  again  was  of  conventional 
type.  The  focus  of  the  beam  was  controlled,  as  before, 
by  a  potentiometer  in  the  focusing-coil  circuit,  while 
the  intensity  was  controlled  by  varying  the  positive 
bias  on  the  cathode  of  the  tube.  Two  control  poten¬ 
tiometers  were  included  in  the  circuits  of  the  deflec¬ 
tion  coils,  so  that  the  undeflected  beam  could  be  cen¬ 
tered  without  the  necessity  of  mechanically  adjusting 
the  focusing  coil.  The  spiral  in  this  case  was  produced 
by  a  4-cycle  electronic  sweep  synchronized  with  the 
rotation  of  the  hydrophone  by  means  of  electric  im¬ 
pulses,  as  discussed  later  in  this  chapter.  Controls  for 
adjusting  the  centering  of  the  spot,  the  rate  of  expan¬ 
sion  of  the  sweep,  and  the  time  of  the  rotation  period 
were  available  on  the  front  panel  of  the  spiral-sweep 
chassis,  which  was  mounted  on  the  rack  immediately 
below  the  indicator. 

The  receiver  was  mounted  directly  to  the  right  of 
the  indicator  and  had  available  only  an  input  atten¬ 
uator,  an  output  volume  control,  and  two  TVG  con¬ 
trols.  As  before,  the  operator  controlled  the  fre¬ 


quency  of  the  ping  by  adjusting  the  Hewlett-Packard 
oscillator.  This  oscillator  and  an  amplitude  modula¬ 
tor  were  mounted  on  the  rack  below  the  receiver, 
with  controls  on  the  modulator  to  vary  the  frequency 
and  percentage  of  modulation  as  well  as  the  ampli¬ 
tude  of  the  modulated  signal.  Among  other  controls 
available  to  the  operator  were  a  hand  key  for  either 
automatic  or  hand  pinging,  and  knobs  for  adjusting 
the  length  of  the  ping  and  the  phase  of  the  beginning 
of  the  ping  with  respect  to  the  angular  position  of 
the  receiving  hydrophone. 

In  the  Model  2  rotoscope  installation  on  the  Aide 
de  Camp,  the  received  water  signal  was  monitored  at 

3  kc  by  a  loudspeaker  operated  with  its  own  ampli¬ 
fier  and  fed  from  the  output  of  the  scanning  receiver. 
There  was  a  volume  control  on  the  speaker-amplifier 
chassis.  Since  the  Model  2  unit,  like  the  Model  1,  was 
designed  as  experimental  equipment  for  testing  ideas 
to  be  used  on  later  scanning  systems,  there  were  many 
adjustments  to  be  made.  Most  of  these,  however,  were 
pre-set,  so  that  in  actual  operation  the  operator  had 
only  to  adjust  the  receiver,  and  occasionally  the 
background  of  intensity  on  the  PPI  indicator.  Figure 
5  shows  a  photograph  of  the  indicator  chassis  in  the 
rack  of  the  Aide  de  Camp. 

4  6  RECEIVERS  FOR  MR  SCANNING 

SONAR 

4-61  Receiver  for  Model  1  Rotoscope 

The  receiver  used  on  the  Model  1  rotoscope  was 
known  as  the  AVC  receiver-amplifier.1  Figure  22 
shows  that  it  consisted  of  five  stages  of  amplification. 
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As  an  understanding  of  its  operation  can  be  obtained 
by  study  of  Figure  23,  only  a  brief  description  will  be 
given. 

The  first  stage  of  the  receiver  was  a  fixed-gain 
amplifier  while  the  second,  third,  and  fourth  were 
variable-gain  stages.  An  RC  filter  was  inserted  after 
each  of  the  first  three  stages  to  cut  out  frequencies 
below  2  kc  so  that  flat  response  from  2  kc  to  100  kc 
could  be  obtained,  and  any  60-cycle  pickup  elimi¬ 
nated.  A  50,000-ohm  resistor  was  put  in  series  with 
each  grid  to  suppress  parasitics.  The  AVC  voltage  on 
the  second,  third,  and  fourth  stages  was  obtained  by 
feeding  the  signal  from  the  output  of  the  third  stage 
into  a  two-stage  amplifier  (V9  and  V10),  rectifying  and 
filtering  it,  and  applying  the  resultant  d-c  voltage  to 
the  grid  of  the  cathode  follower  (V12).  The  cathode 
of  this  triode  was  connected  by  a  0.5-megohm  resistor 
to  the  — B  supply,  which  was  50  volts  below  ground. 
The  AVC  voltage  came  off  the  cathode  directly  so 
that  it  was  at  —24  volts,  due  to  the  voltage  divider 
incorporated  in  the  cathode  circuit,  when  6J5  (V12) 
was  not  conducting.  When  it  started  to  conduct,  how¬ 
ever,  the  voltage  on  the  cathode  became  increasingly 
positive  and  the  AVC  voltage  varied  from  —24  volts 
upward.  This  AVC  voltage  was  applied  to  the  grids 
of  the  6J5  triodes  (V3,  V5,  and  V7).  Each  tube  acted  as 
a  variable  arm  in  a  voltage  divider,  for  as  its  grid 
potential  increased  and  it  became  increasingly  con¬ 
ductive,  the  effective  resistance  across  the  tube  de¬ 
creased. 

The  output  of  the  last  receiver  stage  (V8)  was  ap¬ 
plied  through  a  coupling  capacitor  to  the  brighten¬ 
ing  grid  of  the  cathode-ray  indicator  tube.  The  pro¬ 
posed  peak-passer  stage  shown  in  Figure  23  was  never 
incorporated  into  the  circuit. 

The  controls  9  and  10  (variable  resistors)  con¬ 
trolled  the  amount  of  bias  voltage  supplied  to  the 
grids  of  the  AVC  tube  (V3,  V5,  V7).  The  6J5  AVC  out¬ 
put  tube  (V12)  was  capable  of  supplying  compara¬ 
tively  large  amounts  of  power.  This  was  necessary 
when  the  grids  of  the  control  tube  (V3,  V6,  V7)  became 
positive,  as  they  did  at  high  signal  levels.  Thus  the 
time  constant  in  the  AVC  circuit  was  made  variable 
because  it  was  desired  that  the  level  at  the  output  of 
the  amplifier  follow  down  the  reverberation  decay 
curve  as  exactly  as  possible.  At  the  same  time,  the 
time  constant  on  the  AVC  had  to  be  such  as  to  pass 
an  echo  pulse  without  trying  to  follow  it.  Since  little 
was  known  at  the  time  about  reverberation,  the  am¬ 
plifier  AVC  time  constants  were  made  variable.  Much 


of  this  AVC  circuit  was  designed  to  produce  overcon¬ 
trol  in  order  to  have  the  output-versus-input  voltage 
as  nearly  flat  as  possible. 

When  this  receiver  was  first  designed,  it  had  a  flat 
frequency  response  from  2  kc  to  100  kc,  so  that  it 
could  be  used  over  a  wide  frequency  range.  The  am¬ 
plifier  was  designed  to  have  a  constant  voltage  output 
regardless  of  the  input  signal,  with  the  exception  that 
the  recovery  time  involved  for  the  AVC  was  set  to 
allow  a  sudden  burst  of  signal  to  rise  above  the  con¬ 
trolled  level.  Later,  to  improve  the  signal-to-noise 
ratio,  an  LC  filter  for  the  plate  load  of  the  first  stage 
was  installed. 

The  dynamic  properties  of  the  receiver  were  ad¬ 
justable.  There  were  six  controls  for  varying  the 
time  constant  of  the  recovery  rate  of  the  AVC,  input 
and  output  volume  controls,  a  control  for  varying 
the  signal  supplied  to  the  AVC  control  voltage  ampli¬ 
fier,  two  controls  for  varying  the  output  voltage  with 
respect  to  the  input  voltage,  and  several  bias  controls. 
The  AVC  was  capable  of  controlling  input  voltages 
within  a  range  of  120  db  from  an  input  voltage  of  5 
/iV  to  15  volts.  The  longest  time  possible  for  recovery 
of  the  AVC  circuit  when  the  signal  level  changed 
from  10  /av  to  100  mv  was  about  0.2  second.  The  AVC 
built-up  recovery  for  the  same  change  was  about  0.7 
second.  Among  the  shortcomings  of  this  receiving  am¬ 
plifier  were  the  following: 

1.  To  obtain  optimum  results,  continual  adjust¬ 
ment  of  the  controls  was  necessary. 

2.  Above  0.1  volt  of  signal  input,  the  AVC  recovery 
rate  was  practically  instantaneous. 

3.  The  initial  reverberation  arrived  when  the  am¬ 
plifier  was  extremely  sensitive,  causing  excessive 
brightening  of  the  scope  indicator  at  the  beginning 
of  the  listening  period.  This  disadvantage  was  later 
corrected  by  shorting  the  input  to  the  amplifier  dur¬ 
ing  the  pinging  period. 

4.  Since  there  was  no  audio  output  from  the  re¬ 
ceiver  it  was  sometimes  difficult  to  distinguish  im¬ 
proper  adjustment  of  the  amplifier. 

5.  During  the  recovery  period,  for  short  recovery 
rates,  the  amplifier  seemed  to  be  regenerative  for  low 
frequencies. 

6.  The  receiver  was  too  broadly  tuned. 

4-6-2  Receiver  for  Model  2  Rotoscope 

The  receiver-amplifier  used  with  the  Model  2  ro¬ 
toscope  was  designed  from  experience  with  the  first 
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Figure  23.  Circuit  diagram  of  receiver  and  power  supply.  Model  1  rotoscope. 
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Figure  24.  Block  diagram  of  receiver,  Model  2  rotoscope. 


receiving  amplifier.  This  unit  included  six  stages  of 
amplification,  including  a  first  detector  as  shown  in 
the  block  diagram  given  in  Figure  24.  There  was  140- 
db  voltage  gain  from  input  to  output,  which  later 
was  reduced  to  120  db.  The  circuit  diagram  is  shown 
in  Figure  25  as  it  was  originally  designed.  The  first 
three  stages  were  ordinary  pentode  amplifiers  using 
high-gain  tubes.  The  grids  of  the  second  and  third 
amplifiers  were  controlled  by  automatic  volume  con¬ 
trol  and  time-varied  gain  voltages.  In  the  fourth 
stage,  which  employed  a  6SA7,  the  incoming  14-kc 
signal  was  heterodyned  against  a  17-kc  signal  sup¬ 
plied  by  the  6J5  local  oscillator.  The  band-pass  filter 
had  a  band  width  of  600  cycles,  centered  at  3  kc.  The 
output  of  the  filter  was  further  amplified  in  each  half 
of  the  6S7  and  then  fed  to  a  separate  listening  ampli¬ 
fier  and  speaker  unit.  The  schematic  diagram  of  this 
amplifier  is  shown  in  Figure  26.  It  consisted  of  a 
single  6SN7  amplifier  and  phase  inverter,  and  the 
two  halves  of  a  second  6SN7  in  push-pull  driving  a 
loudspeaker.  In  the  receiver-amplifier  the  output 
from  the  second  half  of  the  first  6SN7  was  also  fed  to 
a  6H6,  where  the  signal  was  rectified,  limited  to  12 
volts  output,  and  used  to  brighten  the  PPI  scope. 

To  obtain  an  AVC  voltage,  the  output  of  the  first 
triode  in  the  6SN7  was  also  rectified  through  a  6H6, 
and  applied  to  a  0.02-/T  capacitor  with  a  100,000-ohm 
potentiometer  across  it.  The  resulting  d-c  voltage 
supplied  the  AVC  bias  to  the  grid  of  the  second  and 


third  amplifier  stages.  In  series  with  the  AVC  bias 
was  a  capacitor  discharging  through  a  resistor  which 
gave  time-varied  gain  control.  This  TVG  control 
was  keyed  during  the  ping  transmission,  rendering 
the  amplifier  insensitive  immediately  after  the  ping 
and  allowing  the  sensitivity  to  increase  gradually 
with  time.  To  do  this,  135  volts  negative  bias  was 
applied  during  the  ping  to  a  1-^f  capacitor  connected 
between  ground  and  the  negative  end  of  a  135-volt 
battery.  The  TVG  voltage  was  fed  to  the  control 
grids  through  the  AVC  potentiometer.  The  1-meg¬ 
ohm  potentiometer  across  the  TVG  capacitor  deter¬ 
mined  the  time  constant  and  the  swinger  selected  the 
initial  TVG  voltage  to  be  applied. 

The  AVC,  which  had  a  comparatively  rapid  recov¬ 
ery  rate,  was  removed  from  the  circuit  soon  after  ex¬ 
perimentation  was  begun,  because  experience  indi¬ 
cated  it  was  seldom  used.  Another  potentiometer  was 
put  across  the  TVG  capacitors,  permitting  an  adjust¬ 
ment  of  the  time  constant  of  the  TVG  circuit  in  order 
to  match  the  reverberation  decay  rate  in  the  water. 
The  two  TVG  controls  then  permitted:  (1)  adjust¬ 
ment  of  the  amount  of  blocking  voltage  applied  to 
the  control  grid,  and  (2)  adjustment  of  the  time  re¬ 
quired  for  the  grid  to  recover. 

This  receiver  was  put  into  use  in  November  1942, 
and  continued  in  use  until  June  1943,  when  the 
Model  2  rotoscope  was  removed  from  the  Aide  de 
Camp.  During  this  period  several  changes  were  made 
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Figure  25.  Circuit  diagram  of  receiver.  Model  2  rotoscope  (as  built). 
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in  the  circuit.  A  line-to-grid  transformer  was  installed 
in  the  input.  This  provided  better  matching  for  the 
feeder  line  from  the  hydrophone  to  the  grid,  and  also 
cut  down  the  rather  large  amount  of  extraneous  pick¬ 
up  in  the  first  stage.  Some  adjustments  were  made  in 
the  output  6H6  to  produce  the  proper  limiting  for 
brightening  of  the  scope.  Twelve  volts  was  finally  de¬ 
cided  on  as  the  limit  for  brightening  voltage.  Figure 
27  is  a  diagram  of  the  final  form  of  the  receiver. 

As  the  PPI  indication  was  adversely  affected  by 
high-frequency  propeller  noise,  which  spotted  the 
screen,  a  cathode  follower  and  d-c  filter  circuit  were 
incorporated  into  the  brightening  channel.  This  cir¬ 
cuit  is  shown  in  Figure  28.  The  filter  cut  off  at  a  fre¬ 
quency  of  200  cycles,  thereby  attenuating  high-fre¬ 
quency  noise  by  an  appreciable  amount. 

The  operation  of  the  MR  system  with  its  0.25-sec- 
ond  ping  was  greatly  impaired  by  reverberation.  Con¬ 
sequently,  during  the  latter  part  of  its  experimental 
life,  an  attempt  was  made  to  obtain  better  discrimina¬ 
tion  between  echoes  and  reverberation  by  using  BDI 
brightening.24’  2S< 26 

A  bearing  deviation  indicator  was  used  as  a  moni¬ 
tor.  Its  use  was  possible  since  the  12xl2-inch  micro¬ 
phone  was  split  for  operation  with  BDI.  The  sweep 
was  keyed  with  the  ping,  and  the  long-range  sweep 
was  used,  giving  4,000  yards  indication.  Because  the 
transducer  was  sweeping  through  an  echo,  the  BDI 
gave  deflections  first  in  one  direction  and  then  in  the 
other.  This  indication  was  used  only  in  conjunction 
with  the  PPI  scope,  since  obviously  no  bearing  could 
be  read  from  the  BDI  scope  due  to  the  transducer  ro¬ 
tation.  It  did,  however,  give  an  indication  of  echo 
range. 

For  use  with  MR  sonar  a  standard  Model  X-3  BDI 
unit,  whose  block  circuit  diagram  is  shown  in  Figure 
29,  was  stripped  of  the  cathode-ray  tube  circuits  and 
all  other  circuits  after  the  final  amplifiers  in  the  end 
channel  (see  dashed  line  in  Figure  29) .  The  lag 
line  and  oscillators  were  tuned  for  a  14-kc  signal 
frequency. 

As  shown  in  this  figure,  the  signals  from  the  two 
halves  of  the  projector  were  fed  through  two  separate 
input  amplifiers,  employing  tuned  transformers  in 
their  input  circuits,  to  the  converter  tubes.  A  60-de- 
gree  lag  line  joined  the  two  channels  at  points  be¬ 
tween  each  amplifier  and  converter  tube,  thus  con¬ 
necting  directly  the  10-kc  converter  to  the  left  half  of 
the  projector  and  to  the  right  half  through  the  lag 


Figure  26.  Circuit  diagram  of  speaker  amplifier,  Model 
2  rotoscope. 


line.  Similarly,  the  7-kc  converter  was  connected  di¬ 
rectly  to  the  right  half  of  the  projector  and  to  the 
left  half  through  the  same  lag  line.  The  lag  line  in¬ 
troduced  a  time  delay  of  a  few  microseconds  so  that 
the  10-kc  converter  received  a  maximum  signal  when 
the  echo  approached  from  a  point  slightly  to  the  right 
of  the  projector  bearing,  and  the  7-kc  converter  re¬ 
ceived  a  maximum  signal  when  the  echo  came  from 
a  point  slightly  to  the  left  of  the  projector  bearing. 

For  MR  brightening27  the  channel  signals  were  rec¬ 
tified  separately  in  the  same  polarity  and  applied  to 
the  control  grids  on  a  6SN7  as  a  push-pull  amplifier 
which  had  common  cathode  degeneration  (see  Figure 
30).  This  amplifier  had  normal  gain  for  the  difference 
between  the  two  grid  signals  and  was  highly  degen¬ 
erative  for  the  common  component  of  the  signals  on 
these  grids.  The  plates  of  the  amplifier  were  con¬ 
nected  to  a  transformer  in  such  a  way  that  the  voltage 
developed  across  the  secondary  was  proportional  to 
the  time  rate  of  change  of  the  plate  current.  As  the 
microphone  rotated  past  the  bearing  of  the  echo,  a 
pulse  was  received  first  on  one  channel  and  then  on 
the  other.  Since  the  difference-amplifier  amplified 
only  the  difference,  a  positive  then  a  negative  pulse 
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appeared  at  the  transformer.  The  transformer  differ-  tivity  on  the  hydrophone  and  so  produced  a  short 
entiated  these  pulses  to  give  a  small  negative  pulse,  a  echo  trace.  Figure  30  shows  the  modified  brightening 
large  positive  pulse  at  the  point  of  axis  crossing,  and  circuit  which  was  substituted  for  that  portion  of  the 
another  small  negative  pulse.  This  voltage  was  am-  standard  BDI  circuit  to  the  right  of  the  dashed  line 
plified  and  fed  through  a  cathode  follower  to  the  in  Figure  29.  In  the  final  model  there  was  a  low-pass 
transformer  feeding  the  brightening  grid  of  the  BDI  filter  of  36-cycle  cutoff  frequency  between  the  recti- 
tube.  fiers  and  the  grids  of  the  difference-amplifier  to  in- 

This  pulse  was  narrower  than  the  pattern  of  sensi-  crease  discrimination  against  noise. 


Figure  27.  Circuit  diagram  of  revised  receiver,  Model  2  rotoscope. 
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Figure  28.  Circuit  diagram  of  output  filter  for  Model  2 
rotoscope. 


Since  reverberation  is  likely  to  be  fairly  nondirec- 
tional  and  applies  approximately  the  same  signal  to 
both  halves  of  the  projector,  no  voltage  change 
should  occur  on  comparison  of  the  two  channels,  and 
no  brightening  should  appear  for  reverberation.  An 
echo,  on  the  other  hand,  being  directional,  should 
cause  the  greatest  voltage  change  on  comparison  and 
produce  good  brightening.  Since  target  noise  is  direc¬ 
tional,  brightening  would  also  be  produced  by  such 
noise  sources. 


The  system  worked  reasonably  well  and  produced 
rather  strong  enhancement  of  echoes  as  well  as  sup¬ 
pression  of  part  of  the  reverberation.  After  operating 
tests  were  made,  however,  it  was  finally  decided  that 
the  simpler  amplitude  brightening,  which  gave  more 
“quality”  in  the  display,  was  the  more  satisfactory  of 
the  two. 

4-7  TRANSMITTERS  FOR  MR  SCANNING 
SONAR 

4-71  400-watt  Transmitter 

The  first  transmitter  used  in  the  Model  1  roto¬ 
scope  on  the  Tippecanoe  was  a  small  oscillator  am¬ 
plifier,  tunable  from  12  to  20  kc.  It  had  a  6L6  push- 
pull  parallel  output  capable  of  supplying  approxi¬ 
mately  50  watts  to  the  14-kc  ring-stack  emitter.  In 
August  1942,  this  transmitter  was  replaced  by  one 
capable  of  putting  out  a  nominal  power  of  400  watts. 
This  unit  was  used  for  the  experimental  work  on 
Model  1  and  for  several  months  on  the  Model  2  roto¬ 
scope  on  the  Aide  de  Camp.  The  tube  and  circuit  ar¬ 
rangement  is  shown  by  the  schematic  diagram  of  Fig- 


Figure  29.  Block  diagram  of  BDI  Model  X-J 
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ure  31.  Although  not  shown  in  the  figure,  a  separate 
screen  supply  was  used  in  the  latter  period  of  the 
work  with  this  transmitter.  An  external  oscillator, 
such  as  a  Hewlett-Packard,  was  used  to  furnish  signal 
to  the  6SJ7  input  stage.  In  the  experimental  work  on 
this  power  amplifier  much  trouble  was  experienced 
with  output  transformers.  Since  commercial  trans¬ 
formers  which  would  meet  specifications  were  not 
available  at  the  time,  the  output  transformers  were 
made  at  HUSL.28  After  several  unsuccessful  models 
a  pancake-type  transformer  design  was  developed 
which  proved  adequate.  This  transformer  was  insu¬ 
lated  with  sheet  bakelite.  There  were  six  sections  of 
pancake  windings,  alternating  primary-secondary- 
primary,  primary-secondary-primary.  Both  the  pri¬ 
mary  and  secondary  windings  were  center-tapped; 
the  impedance  ratio  was  5,000:50  ohms.  This  con¬ 
struction  was  also  used  in  later  transmitters  built  at 
HUSL. 

To  secure  higher  peak-power  output  and  to  deter¬ 
mine  the  effect  of  amplitude  modulation  on  echoes 


and  reverberation,  a  modulator  unit  was  built  to  be 
inserted  between  the  Hewlett-Packard  oscillator  and 
the  power  amplifier  proper.  The  circuit  diagram  for 
this  is  given  in  Figure  32.  The  modulator  consisted  of 
a  6SJ7  and  6F6  RC  phase-shift  oscillator  (Hewlett- 
Packard  type)  to  produce  the  modulation  frequency. 
This  oscillator  had  three  ranges:  45  to  150  c,  150  to 
450  c,  and  450  to  1,500  c,  selected  by  a  switch  on  the 
front  of  the  panel  which  changed  resistors  in  the  RC 
circuit.  Vernier  control  of  frequency  was  obtained  by 
varying  the  capacitance  in  this  circuit  through  anoth¬ 
er  control  on  the  front  of  the  panel.  The  output  of  the 
oscillator  was  taken  from  the  plate  of  the  6F6  through 
a  potentiometer  to  the  grid  of  the  6SJ7  modulator 
tube.  Also  on  the  grid  of  this  6SJ7  was  the  carrier  in- 
put-voltage  from  the  Hewlett-Packard  oscillator.  The 
resulting  modulated  carrier  was  amplified  by  the  fol¬ 
lowing  stage,  the  6SK7,  acting  as  an  ordinary  ampli¬ 
fier  stage,  and  then  fed  through  a  high-pass  RC  filter 
to  remove  low  (modulating)  frequency  components. 
The  modulated  output  was  taken  from  a  potentio- 
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Figure  31.  Circuit  diagram  of  400-watt  transmitter. 
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meter  on  the  last  leg  of  the  filter,  and  was  used  to 
feed  the  power  amplifier.  This  chassis  contained  its 
own  power  supply.  A  resistor  in  the  negative  lead  of 
the  power  supply  gave  15  volts  below  ground,  which 
was  used  to  give  bias  control  to  the  control  grids  of 
the  modulator  and  amplifier  tubes.  The  14-kc  oscil¬ 
lator  had  its  own  output  control,  so  that  the  carrier 


amplitude  could  be  varied  continuously  from  0  to 
300  per  cent— that  is,  it  could  be  varied  from  no  mod¬ 
ulation  to  overmodulation  so  that  only  pulses  of  sig¬ 
nal  were  coming  through,  with  the  lengths  of  the 
spaces  twice  those  of  the  pulses. 

4-7-2  1.5-kw  Transmitter 


PHASE  AMPLIFIER  DRIVER  FINAL 
INVERTER  OUTPUT 


Figure  33.  Block  diagram  o£  1.5-kw  transmitter. 


E 
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The  400-watt  amplifier  was  replaced  by  a  higher- 
powered  transmitter29  put  in  operation  in  February 
1943.  This  was  a  general-purpose,  experimental, 
master-oscillator  -  power-amplifier  capable  of  deliv¬ 
ering  approximately  2  kw  of  high-frequency  power 
over  a  range  of  10  kc  to  70  kc.  At  somewhat  lower 
power  the  range  was  5  kc  to  80  kc.  A  block  diagram  of 
the  circuit  arrangement  is  shown  in  Figure  33,  and 
the  circuit  diagrams  are  given  in  Figures  34,  35,  36, 
37,  38.  An  LC  oscillator  employing  a  6J5  tube  capable 
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of  covering  a  range  from  12  kc  to  20  kc  was  used  to 
feed  two  6J5’s  in  a  phase-inverter  stage,  which  fed 
push-pull  6L6’s  driving  push-pull  813’s.  These  in 
turn  drove  the  output  stage  consisting  of  a  pair  of 
833A’s  in  class  C.  Although  the  oscillator  incorpo¬ 
rated  in  the  power  amplifier  covered  only  12  to  20  kc, 
a  jack  was  provided  on  the  oscillator  panel  so  that  an 
external  oscillator  might  be  plugged  in  to  allow  the 
full  frequency  range  of  the  power  amplifier  to  be 
utilized.  The  whole  power  amplifier,  except  for  the 
power  supply  for  the  final  stage,  was  mounted  in  an 
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enclosed  rack  with  safety  switches  provided  on  the 
door  interlocked  with  the  power-control  circuit.  The 
power  supply  for  the  output  stage  was  mounted  in  a 
separate  cage  placed  at  one  side  of  the  rack.  At  the 
top  of  the  rack  was  a  control  panel  which  had  all  the 
power  switches,  overload  protection  devices,  thermal 
time-delay  switches,  etc.  Relays  operating  from  the 
1 10-volt  a-c  line  were  provided  to  switch  the  filaments 
and  each  of  the  two  high-voltage  supplies  separately 
for  tuning-up  purposes. 

The  oscillator  chassis  contained  the  oscillator, 
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phase-inverter,  and  push-pull  6L6  stages.  In  addition 
to  its  own  power  supply,  it  also  contained  a  power 
supply  to  provide  operating  current  for  the  pinging 
relay  and  bias  for  the  driver  and  final  stages.  On  the 
panel  there  was  a  jack  to  connect  an  external  oscilla¬ 
tor,  a  gain  control  to  control  the  excitation  to  the  suc¬ 
ceeding  stages,  a  vernier  dial  to  control  the  frequency 


of  the  oscillator,  and  a  switch  to  choose  between  the 
internal  oscillator  and  external  excitation. 

The  driver  chassis,  containing  a  push-pull  813  driv¬ 
er  stage  and  200- volt  power  supply,  produced  125 
watts  of  r-f  power.11  The  only  front  panel  compo¬ 
nents  on  the  driver  were  a  meter  and  a  selector  switch, 
which  allowed  the  operator  to  read  the  plate  current 


Figure  35.  Circuit  diagram  of  oscillator  chassis,  1.5-kw  transmitter. 
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to  each  813  separately,  or  the  total  plate  current  to 
the  stage,  and  in  addition  the  grid  current  to  each  of 
the  833A’s  in  the  final  stage.  The  final  amplifier 
chassis  contained  the  833A  tubes,  their  filament 
transformers,  and  the  output  transformer.  The  out¬ 
put  transformer  was  especially  wound  to  HUSL  spe¬ 
cifications  by  the  Submarine  Signal  Company.  In 
parallel,  its  secondary  windings  gave  a  50-ohrri  out¬ 
put  impedance;  in  series,  a  200-ohm  output  imped¬ 
ance.  A  meter  and  a  selector  switch  on  the  panel 
allowed  the  operator  to  read  the  plate  current  plus 


the  grid  current  to  each  of  the  final  tubes  separately, 
and  the  total  plate  current  plus  total  grid  current. 

The  power  amplifier  was  used  as  set  up  for  the  first 
few  weeks.  Later,  the  jack  in  the  front  panel  of  the 
oscillator  chassis  was  used,  permitting  employment 
of  the  modulator.  The  Hewlett-Packard  oscillator 
and  the  modulator  were  mounted  remotely  from  the 
power  amplifier,  and  the  signal  from  the  modulator 
was  fed  through  the  jack  in  the  power  amplifier.  This 
gave  convenient  control  of  the  excitation  amplitude 
and  modulation  from  the  operating  position.  This 


Figure  36.  Circuit  diagram  of  driver  panel,  1.5-kw  transmitter. 
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Figure  37.  Circuit  diagram  of  final  stage,  1.5-kw  transmitter. 


power  amplifier  was  used  on  MR  scanning  sonar 
until  the  Model  2  rotoscope  was  removed  from  the 
Aide  de  Camp. 

4.7.3  ping  Control  for  Model  1  Rotoscope 

The  Model  1  rotoscope  on  the  Tippecanoe  had  a 
rather  simple  ping  control27  as  indicated  in  Figure 
39.  Since  it  was  required  that  the  length  of  each  trans¬ 
mitting  period  be  at  least  0.25  second,  which  was  the 
time  for  one  complete  rotation  of  the  hydrophone,  it 
was  necessary  that  the  transmitter  energize  the  emit¬ 
ting  transducer  for  0.25  second.  A  wheel  rotating  once 
in  every  10  seconds  in  the  gear  system  of  the  rotating 
hydrophone  drive  was  used  to  control  the  ping  in¬ 
terval  and  the  ping  length.  Two  screws,  180  degrees 
apart  on  the  circumference  of  this  wheel,  were  used 
to  engage  the  spring  on  a  microswitch  as  the  wheel 
rotated.  The  length  of  the  ping  could  be  adjusted 
with  a  fair  degree  of  accuracy  by  moving  the  micro¬ 
switch  slightly  with  respect  to  this  wheel.  The  micro¬ 
switch  actuated  four  relays,  d-c  power  being  supplied 
by  a  117Z6  tube  used  as  a  half-wave  rectifier  on  the 
110-volt  60-cycle  line.  These  relays  performed  the 
following  functions: 


Figure  38.  Circuit  diagram  of  power  supply  for  final 
stage,  1.5-kw  transmitter. 


1.  Connected  the  Hewlett-Packard  oscillator  to  the 
power  amplifier,  thereby  producing  the  ping.  In  the 
“off”  position,  the  input  to  the  power  amplifier  was 
grounded. 

2.  Connected  the  battery  for  polarizing  the  ring 
stack  into  the  transducer  circuit. 

3.  When  an  electronic  spiral  sweep  was  used,  the 
third  relay  brought  the  spiral  sweep  back  to  the  cen¬ 
ter  to  permit  it  to  expand  on  the  next  listening 
period. 

4.  The  fourth  relay  was  a  spare  and  later  was  used 
to  short-circuit  the  receiver  input  during  the  ping 
period. 

Later,  two  additional  screws  were  mounted  90  de¬ 
grees  from  the  two  already  on  the  ping-control  wheel 
so  that  it  was  possible  to  work  at  half  the  range  but 
with  two  pings  on  one  spiral. 

4.7.4  ping  Control  for  Model  2  Rotoscope 

In  the  Model  2  rotoscope,  the  pinging  operations 
were  somewhat  more  complicated.  The  ping-control 
mechanism  performed  the  following  operations  at 
the  time  of  the  ping: 

1.  Synchronized  the  spiral  sweep. 
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GEAR  BOX 


Figure  39.  Diagram  of  ping-controlled  circuit,  Model  1  rotoscope. 


As  will  be  seen  in  the  photograph  it  had  a  series  of  21 
groups  of  6  contacts  arranged  in  a  semicircle.  Six  in¬ 
sulated  contact  arms  rotating  together  on  a  common 
shaft  one  step  at  a  time  wiped  each  set  of  contacts 
consecutively  through  21  steps.  A  ratchet  gear  drove 
the  contact  arms  one  step  at  a  time  by  means  of  an 
electromagnetic  coil,  permitting  six  operations  to  be 
initiated  simultaneously  or  in  any  order.  Since  the 
wiper  arm  moved  very  rapidly  in  passing  from  one 
contact  to  the  next,  it  touched  each  set  of  contacts  for 
practically  0.25  second  when  the  actuating  impulses 
were  supplied  at  the  rate  of  4  per  second.  A  diagram 
of  this  ping-control  system  in  its  final  form  is  given  in 
Figure  41. 

On  the  shaft  of  the  rotating  hydrophone,  a  cam- 
operated  contactor  was  mounted  which  made  con¬ 
tact  for  180  degrees  of  each  rotation.  This  device  gave 
a  d-c  voltage  in  the  form  of  a  square  wave  with  l/s 
second  on  and  i/8  second  off  to  control  the  stepping 
relay.  These  contacts  are  illustrated  in  the  grid  cath¬ 
ode  circuit  of  the  6L6  (Vj)  in  the  diagram  of  Figure 
41.  The  power  supply  through  the  6X5  (V2)  supplied 
negative  voltage  to  the  grid  of  the  6L6  (Vj)  to  keep 
it  cut  off  until  the  contactor  on  the  rotating  shaft  was 
closed,  at  which  time  the  grid  and  cathode  were 
shorted  together,  permitting  the  6L6  to  conduct  for 
i/2  rotation  or  i/8  second.  In  the  plate  circuit  of  this 


2.  Sent  the  polarizing  current  through  the  emitter 
hydrophone. 

3.  Keyed  the  transmitter. 

4.  Reset  the  spiral  sweep. 

5.  Applied  the  TVG  voltage  to  the  receiver. 

6.  Reset  the  BDI  sweep. 

7.  Closed  the  circuits  on  the  ping-delay  circuit 
(only  in  later  experimentation). 

The  controlling  item  of  the  ping-control  circuit 
was  a  multicontact  step  relay  (see  Figure  40)  of  the 
type  used  for  machine  switching  in  telephone  work. 


Figure  40.  Photograph  of  step  relay  for  ping  control. 
Model  2  rotoscope. 
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tube  was  a  110-volt  6-mad-c  relay,  which  closed  when  When  the  arms  reached  the  No.  4  position  on  the 
the  6L6  conducted.  This  relay  was  then  closed  for  step  relay,  each  pair  of  contacts  shown  inside  the 
an  interval  of  i/a  second  out  of  every  revolution.  A  dotted  box  were  made,  thus  producing  the  ping, 
pair  of  contacts  actuated  the  telephone  step  relay;  The  second  pair  of  contacts  on  the  6-ma  110-volt 
the  wiper  arms  then  moved  one  step  for  each  revolu-  relay  which  controlled  the  step  relay  were  used  to 
tion  of  the  hydrophone.  In  the  dotted  box  labeled  synchronize  the  spiral  sweep,  by  supplying  a  45-volt 
“Telephone  Relay,”  the  contacts  are  shown  at  one  square  wave  d-c  signal  through  a  variable  resistor  to 
of  the  21  positions  of  the  relay  and  the  wiper  arm.  the  grid  of  the  oscillator  tube  in  the  spiral  sweep. 
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Figure  41.  Diagram  of  ping-control  circuit,  Model  2  rotoscope. 
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Since  the  length  of  this  square  wave  was  14  cycle  of 
the  oscillator,  the  latter  was  synchronized  with  the 
rotation  of  the  hydrophone. 

Since  the  step  relay  had  21  sets  of  contacts,  one  set 
of  which  was  the  wiper-arm  connection,  and  since  the 
wiper  arm  paused  for  0.25  second  on  each  set  of  con¬ 
tacts,  a  very  convenient  5-second  sweep  cycle  was 
available  for  listening. 

One  of  the  six  circuits  in  the  stepping  relay  was 
used  to  actuate  the  spiral-sweep  return  relay,  which 
was  located  in  the  spiral-sweep  chassis.  Two  other 
sets  were  used  to  close  the  circuits  necessary  in  the 
ping-delay  chassis,  which  will  be  described  later.  A 
fourth  set  actuated  the  sweep  reset  relay  in  the  BDI 
receiver.  A  fifth  set  of  contacts  actuated  the  ping  re¬ 
lay,  which  was  thus  closed  for  0.25  second  to  produce 
a  0.25-second  ping.  The  ping  relay  was  a  6,500-ohm 
d-c  relay  that  closed  three  sets  of  contacts.  The  first 
of  these  connected  the  oscillator  to  the  power  ampli¬ 
fier.  The  second  pair  actuated  the  relay  which  put 
polarizing  current  through  the  14-kc  ring-stack  emit¬ 
ter.  The  third  pair  of  contacts  put  a  negative  135 
volts  on  the  TVG  circuit  in  the  receiver.  There  was 
a  switch  in  the  TVG  circuit  (available  on  the  front 
panel  of  the  ping-control  chassis)  so  that  the  negative 
voltage  could  be  cut  off  from  the  TVG  chassis  in  case 
the  operator  desired  to  ping  without  using  the  TVG. 
It  was  later  found  to  be  necessary  to  parallel  the 
polarizing  contact  on  the  ping  relay  with  a  set  of  con¬ 
tacts  on  the  step  relay,  so  that  the  polarizing  current 
could  be  turned  on  one  step  before  the  ping.  This  was 
done  when  it  was  found  that  a  measurable  amount  of 
time  was  required  for  the  current  to  build  up  in  the 
14-kc  ring-stack  emitter  and  that  polarizing  current 
had  to  be  established  already  when  the  ping  started 
in  order  to  produce  a  square  pulse  of  sound  in  the 
water. 

In  operation,  then,  the  contactor  on  the  hydro¬ 
phone  shaft  closed  for  14  of  each  revolution.  This  in 
turn  actuated  the  6L6  (Vj)  which  closed  the  110- volt 
6-ma  relay  once  for  each  revolution.  This  relay,  in 
turn,  moved  the  telephone  step  relay  one  step  for 
each  revolution  and,  at  the  same  time,  supplied  a 
synchronizing  signal  for  the  spiral-sweep  oscillator. 
When  the  wiper  arms  on  the  step  relay  moved  to  the 
position  of  the  No.  2  contacts,  the  spiral  was  returned 
to  the  center.  At  step  No.  3  the  spiral  was  held  at  the 
center  and  the  polarizing  current  was  turned  on.  At 
step  No.  4  the  spiral  was  held  at  the  center;  the  two 
delay  circuits  were  closed,  the  ping  relay  was  closed  to 


the  transmitter,  and  the  polarizing  current  remained 
on;  TVG  voltage  was  applied  to  the  receiver;. the  SLC 
sweep  was  returned;  and  the  two  ping-delay  contacts 
were  closed.  At  step  No.  5  all  the  circuits  were  re¬ 
leased  except  the  two  ping-delay  circuits  which  were 
held  for  steps  No.  5  and  6.  From  step  No.  6  on 
through  step  No.  1,  the  circuits  were  all  opened.  The 
spiral  sweep  was  returned  two  steps  before  the  ping 
to  allow  the  transients  generated  by  the  return  to 
subside. 

A  multileaved  key  on  the  top  of  the  ping-control 
chassis  had  one  pair  of  contacts  connected  in  parallel 
with  the  ping-control  relay  contacts  on  the  step  relay, 
thus  permitting  hand-keying.  The  second  set  of  con¬ 
tacts  on  this  key  were  paralleled  across  the  spiral- 
return  contacts  on  the  step  relay.  If  this  key  were 
pushed  halfway  down,  a  ping  would  be  produced 
without  resetting  the  spiral,  and,  if  the  key  were 
pushed  to  the  bottom,  a  ping  would  be  produced  and 
the  spiral  reset.  The  ping-control  relay  could  also  be 
actuated  by  the  ping-delay  chassis. 

The  circuit  relays  themselves  were  external  to  the 
ping-control  chassis;  i.e.,  the  spiral-return  relay  was 
in  the  spiral-sweep  chassis,  the  polarizing  relay  was 
near  the  polarizing  batteries,  and  the  power-ampli¬ 
fier  relay  was  incorporated  in  the  power-amplifier 
circuit.  The  voltages  for  synchronism  and  for  TVG, 
however,  were  supplied  from  batteries  located  in  the 
ping-control  chassis. 

4.7.5  Ping-Delay  Circuit  for  Model  2 
Rotoscope 

It  was  decided  to  try  to  secure  better  range  infor¬ 
mation  by  controlling  the  phase  of  the  ping  with 
respect  to  the  hydrophone  position  and  increasing 
the  length  of  the  ping  slightly  from  0.25  second.19 
The  circuit  for  this  purpose  required  several  bat¬ 
teries,  a  2050  thyratron,  and  a  6J5  triode,  as  shown  in 
Figure  42.  The  stepping  relay  closed  the  two  circuits 
indicated  in  this  diagram  and  these  circuits  were  held 
closed  for  three  steps  on  the  relay,  or  0.75  second, 
starting  when  the  ping  would  ordinarily  begin,  that 
is,  at  step  No.  4.  When  the  grid  circuit  of  the  2050 
thyratron  was  completed,  the  grid  voltage  began  to 
rise  as  the  capacitor  C  was  charged  from  the  battery 
through  the  variable  resistor  Re.  When  the  2050  thy¬ 
ratron  fired,  the  relay  in  its  plate  circuit  closed 
through  the  circuit  completed  by  the  stepping  relay. 
When  the  plate  circuit  closed,  the  ping  was  emitted 
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Figure  42.  Circuit  diagram  of  ping-delay  circuit,  Model 
2  rotoscope. 


since  one  pair  of  contacts  on  this  relay  controlled  the 
ping  relay  in  the  ping-control  chassis.  The  second  set 
of  contacts  on  this  relay,  when  closed,  permitted  cur¬ 
rent  to  flow  from  the  45-volt  battery  through  the 
variable  resistor  to  charge  the  capacitor  in  the  grid 
circuit  of  the  6J5.  When  the  grid  of  the  6J5  became 
sufficiently  negative,  this  tube  stopped  conducting, 
and  since  it  was  in  the  cathode  circuit  of  the  2050 
thyratron,  this  tube  also  stopped  conducting.  This 


Figure  43.  Diagram  of  spiral  sweep.  Model  1  rotoscope. 


opened  the  plate-circuit  relay  and  stopped  the  ping. 
The  bias  was  then  reset  on  the  2050  thyratron  by  the 
2 2 14 -volt  battery,  since  by  this  time  the  telephone 
relay  had  opened  the  grid  circuit  and  the  negative 
voltage  had  leaked  off  the  grid  capacitor  of  the  6J5 
tube.  The  delay  circuit  thus  was  reset  and  ready  to 
fire  on  the  next  ping  cycle.  By  varying  the  value  of 
the  variable  resistor  in  the  grid  circuit  of  the  2050 
thyratron  the  amount  of  delay  in  the  initiation  of 
the  ping  could  be  controlled  from  0  to  0.4  second; 
changing  the  resistor  in  the  grid  circuit  of  the  6J5 
tube  permitted  control  of  the  ping  duration  from 
0.04  to  0.275  second.  Calibrations  indicated  that  the 
ping-delay  and  ping-length  settings  were  reproduc¬ 
ible  with  fair  accuracy.  This  ping-delay  circuit  was 
used  in  the  latter  part  of  the  experimentation  with 
the  Model  2  rotoscope. 

4  8  SPIRAL  SWEEP  FOR  MR  SCANNING 
SONAR 

4.8.t  Mechanical  Sweep  Used  on  Model  1 
Rotoscope 

The  mechanically  controlled  spiral  sweep,  shown 
in  Figure  43,  was  used  on  the  Model  1  rotoscope. 
The  deflection  coils  rotated  mechanically  around  the 
neck  of  the  cathode-ray  tube  which  was  used  for  the 
PPI  display.  The  coils  were  mounted  in  a  bakelite 
ring  which  was  rotated  by  means  of  a  flexible  shaft 
and  suitable  gearing  from  the  receiving  hydrophone 
shaft.  Because  the  coil  assembly  rotated  once  for 
each  rotation  of  the  transducer  shaft,  direct  synchro¬ 
nization  between  the  bearing  of  the  hydrophone  and 
the  indicator  spot  was  secured.  The  sweep  signal  was 
fed  to  the  deflection  coils  through  slip  rings.  Rigidly 
mounted  near  the  top  of  the  rotating  shaft  was  a  99- 
segment  commutator- type  potentiometer  and  brush, 
which  rotated  around  the  outside  of  the  potentio¬ 
meter  and  was  geared  to  the  hydrophone  shaft  so 
that  it  made  one  revolution  in  5  seconds.  The  brush, 
as  it  rotated  around  the  commutator,  picked  off  an 
increasing  d-c  voltage  which  was  fed  to  the  grid  of  a 
cathode  follower  and  varied  the  current  in  the  de¬ 
flection  coils  to  produce  an  almost  linearly  expanding 
spiral  sweep.  When  the  brush  passed  from  the  end 
to  the  beginning  of  the  potentiometer  the  cathode- 
ray  spot  was  returned  to  the  center  of  the  tube  screen. 
There  were  a  few  imperfections  in  the  spiral  caused 
by  the  step-wise  character  of  the  potentiometer,  and 
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by  the  brush  shorting  from  one  segment  to  the  next. 
There  was  also  a  small  120-cycle  variation  caused  by 
incomplete  filtering  of  the  current  supplied  to  the 
cathode  follower.30  Although  a  very  usable  spiral 
was  produced  by  this  system,9  there  were  certain 
disadvantages  from  a  mechanical  point  of  view:  it 
required  accurate  alignment  of  the  gearing  and  care¬ 
ful  adjustment  of  the  coil  support,  which  had  to  ro¬ 
tate  at  240  rpm  around  the  neck  of  the  CRO  tube. 
This  mechanical  spiral  sweep  was  used,  however, 
until  the  Model  1  rotoscope  was  replaced  by  Model  2. 

4.8.2  Electronic  Sweep  Used  on  Model  2 
Rotoscope 

In  order  to  overcome  the  difficulties  experienced 
with  the  mechanical  spiral  sweep  used  on  the  Model 
1  rotoscope,  and  also  to  allow  the  indicator  to  be 
mounted  at  a  distance  from  the  rotating  hydrophone, 
an  electronic  spiral-sweep  was  built  for  the  Model  2 
rotoscope  and  was  used  throughout  its  experimental 
program.31 

A  block  diagram  of  the  circuit  arrangement  is 
given  in  Figure  44,  and  the  final  circuit  which  was 
used  is  given  in  Figure  45.  A  6SJ7  tube  and  a  6F6  tube 
operated  as  an  oscillator  of  the  RC  type.  Synchroni¬ 
zation  was  effected  at  first  through  a  4-cycle  signal 
supplied  by  a  generator  coupled  to  the  rotating  hy¬ 
drophone  shaft.  This  method  of  synchronizing  was 
found  to  introduce  considerable  wave-form  distor¬ 
tion  and  was  later  replaced  with  one  using  a  4-cycle 


square  wave,  generated  by  a  contactor  on  the  shaft  of 
the  rotating  hydrophone,  as  shown  in  Figure  46.  The 
contactor  closed  a  relay  4  times  per  second,  and  sent 
d-c  pulses  to  the  6F6  grid  in  the  4-cycle  oscillator  in 
the  sweep  circuit.  Although  the  oscillator  was  built 
to  operate  at  three  frequencies  —  4  c,  10  c,  and  30  c 
—  the  4-c  frequency  was  the  only  one  used  with  the 
Model  2  rotoscope.  The  output  of  the  oscillator  was 
fed  through  a  potentiometer  to  the  No.  3  grid  of  a 
6SA7  used  as  an  expander  tube,  while  the  No.  1  grid 
of  this  tube  was  fed  with  a  sawtooth  bias  voltage 
having  a  period  of  5  seconds  and  an  adjustable  lower 
voltage  limit.  This  sawtooth  voltage  was  obtained 
from  the  potential  difference  across  a  capacitor  which 
was  charged  to  —300  volts  at  the  time  of  the  ping  and 
then  allowed  to  discharge  to  ground  during  the  sweep 
period.  The  expanding  4-cycle  signal  was  fed  through 
a  4-cycle  filter,  in  which  the  secondary  of  a  power 
transformer  served  as  the  inductive  element,  to  an 
RC  phase-splitting  bridge-type  network.  Two  signals 
90  degrees  out  of  phase  were  thus  secured;  each  was 
fed  through  a  separate  power  amplifier  and  cathode- 
follower  circuit  to  one  of  the  deflection  coils.  Center¬ 
ing  was  provided  by  an  adjustment  of  6V6  bias  ob¬ 
tained  from  the  negative  300-volt  supply  through  a 
voltage  divider  and  potentiometer.  An  adjustable 
potentiometer  between  the  amplifier  and  cathode- 
follower  stages  in  each  channel  permitted  signal 
equalization  and  control  of  the  amplitude  of  sweep 
expansion. 

Various  shortcomings  were  discovered  and  cor- 
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Figure  45.  Circuit  diagram  of  electronic  spiral  sweep.  Model  2  rotoscope. 
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Figure  46.  Circuit  diagram  of  synchronizing  circuit  for 
spiral  sweep. 


rected  during  the  development  of  these  circuits. 
Little  difficulty  was  encountered  in  getting  the  oscil¬ 
lator  to  work  properly,  although  phase  shifts  with 
respect  to  the  synchronizing  signal  occurred  with 
change  in  frequency.  While  the  oscillator  would  lock 
with  the  synchronizing  signal  at  any  frequency  from 
3.75  to  4.25  c,  there  was  considerable  variation  in  the 
phase  at  which  the  oscillator  synchronized  with  the 
square-wave  synchronizing  pulse. 

Considerable  trouble  was  encountered  in  the  ex¬ 
pander  circuit.  The  first  system  tried  (see  Figure  47A) 
used  a  6J5  triode  in  the  plate  circuit  in  parallel  with 
the  plate-load  resistance  of  the  first  amplifier  tube 
after  the  oscillator,  the  6J5  triode  plate  resistance 


acting  as  part  of  a  voltage  divider.  The  relay  reset 
the  spiral  to  zero  during  the  ping,  and,  when  the  relay 
was  released,  an  80-pi  capacitor  began  to  charge  from 
the  negative  45-volt  battery  through  suitable  resis¬ 
tors.  A  potentiometer  selected  the  amount  of  the  bias 
to  be  put  on  the  grid  of  the  6J5  triode,  and  as  the 
capacitor  charge  became  more  and  more  negative, 
the  grid  potential  decreased  towards  cutoff.  The  plate 
resistance  of  the  6J5  tube  then  increased,  and  more 
and  more  signal  was  fed  to  the  phase-shift  network. 
The  one  drawback  to  this  was  that  the  coupling 
capacitor  between  the  6J5  and  the  following  stage 
became  charged.  Since  its  discharge  time  constant 
was  long,  it  was  necessary  to  remove  the  charge  with 
an  extra  pair  of  contacts  on  the  relay,  as  shown  in 
Figure  47A.  This  system  worked  fairly  well,  except 
that  several  turns  of  the  spiral  were  needed  to  estab¬ 
lish  equilibrium  conditions. 

Several  schemes  were  tried  in  which  the  expansion 
was  carried  out  after  the  phase-splitting  operation. 
However,  these  were  judged  to  be  unsatisfactory  and 
single  channel  expansion  before  phase  splitting  was 
again  adopted,  as  shown  in  Figure  47B.  In  this  case 
the  6SK7  tube  with  6J5  triode  was  used  as  the  plate- 
circuit  potentiometer.  Although  extra  contacts  on 
the  ping  relay  were  used  to  ground  the  grids  of  both 


Figure  47A.  Circuit  diagram  of  early  experimental  spiral-sweep  expanders. 


CONFIDENTIAL 


114 


MECHANICAL  ROTATION  SCANNING  SONAR 


Figure  47B.  Circuit  diagram  of  modified  experimental 
spiral-sweep  expander. 


tubes  during  the  ping  interval,  some  charge  remained 
on  the  blocking  capacitors  (probably  due  to  dielec¬ 
tric  hysteresis),  resulting  in  nonlinearity  of  the  sweep 
expansion  at  short  ranges.  The  arrangement  finally 
adopted  has  already  been  described  in  connection 
with  Figure  46.  Since  residual  transients  could  not 
be  entirely  eliminated,  the  resetting  of  the  spiral  to 
the  center  was  started  two  steps  ahead  of  the  stepping 
relay  (0.5  second)  before  the  actual  start  of  the  ping. 

There  were,  of  course,  other  difficulties.  It  was 
necessary  to  use  an  LC  rather  than  an  RC  filter  in 
the  output  of  the  expander  stage  to  keep  time  con¬ 
stants  low.  Since  the  deflection  coils  obtained  a  buck¬ 
ing  current  from  the  negative  power  supply,  and 
since  the  time  constants  of  negative  and  positive 
power  supplies  were  not  identical,  there  was  some 
spot  drift  with  change  in  line  voltage.  The  drain  on 
the  positive  power  supply  varied  as  the  4-cycle  signal 
from  the  expander  changed.  Since  at  this  low  fre¬ 
quency  the  power  supply  had  appreciable  regulation, 
some  feedback  to  the  oscillator  occurred,  the  amount 
varying  with  the  progress  of  the  expansion  cycle.13 
This  resulted  in  a  slight  phase  shift  relative  to  the 
synchronizing  signal  from  the  beginning  to  the  end 
of  the  cycle,  and  caused  a  slight  change  in  indicated 
bearing  with  range. 


Despite  its  lack  of  perfection  the  sweep  circuit 
shown  in  Figure  46  permitted  reasonably  satisfactory 
operation  of  the  Model  2  rotoscope,  and  was  used 
throughout  the  experimental  work  with  this  system. 
For  the  CR  scanning  sonar  work  it  was  abandoned 
in  favor  of  a  rotating  polyphase  generator,  but  was 
again  used  in  an  improved  form  in  the  high-speed 
sweeps  required  for  the  electronic  rotation  scanning 
systems  described  in  Chapter  7. 

4  9  SUGGESTIONS  FOR  FUTURE  WORK 

Since  the  primary  purpose  of  the  experimental 
work  on  mechanical  rotation  scanning  sonar  was 
to  accumulate  experience  and  develop  techniques 
that  would  be  useful  in  the  commutated  rotation  and 
electronic  rotation  types,  the  work  was  not  pursued 
to  the  point  of  realizing  a  completely  satisfactory 
system.  Some  of  the  techniques  developed  have  al¬ 
ready  been  applied  by  other  organizations  to  listen¬ 
ing  systems,  and  should  a  demand  ever  arise  in  the 
future  for  a  particularly  simple  version  of  scanning 
sonar,  the  MR  type  might  well  be  considered  a  pos¬ 
sibility.  While  two  transducers  would  probably  still 
be  required,  each  could  be  of  far  simpler  construction 
than  the  multielement  transducer  required  in  the 
CR  or  ER  units.  Furthermore,  no  complex  commu¬ 
tators  or  electronic  rotors  would  be  needed. 

The  outstanding  disadvantage  of  the  MR  sonar 
is  the  slow  rotation  speed  imposed  by  the  necessity  of 
rotating  physically  the  receiving  hydrophone  in  the 
water,  with  a  consequent  limitation  of  range  resolu¬ 
tion  and  signal-to-noise  ratio.  There  is  no  assurance, 
however,  that  the  4-rps  systems  built  at  HUSL  were 
operating  at  the  maximum  practicable  speed.  The 
.question  of  what  the  maximum  practicable  speed 
should  be  is  therefore  one  which  deserves  investiga¬ 
tion.  It  is  likely  that  the  limiting  factor  would  be 
water  noise,  rather  than  power  for  rotation.  The 
direct  approach  to  answering  this  question  would  be 
to  mount  a  hydrophone  in  a  suitable  dome  and 
measure  the  noise  as  a  function  of  speed.  Peripheral 
speed  would  probably  be  the  determining  factor.  In 
the  Model  2  rotoscope  the  peripheral  speed  was  14 
feet  per  second.  In  order  to  match  the  reasonably 
satisfactory  performance  of  the  QH  Model  2  scan¬ 
ning  sonar  (CR  type),  which  used  a  rather  wide 
beam  and  a  rotation  speed  of  30  rps,  the  peripheral 
speed  would  have  to  be  increased  to  about  65  feet  per 
second.  The  power,  which  for  the  Model  2  rotoscope 


CONFIDENTIAL 


SUGGESTIONS  FOR  FUTURE  WORK 


115 


was  about  0.1  hp,  would  be  increased  to  about  2.3  hp. 
This  is  reasonable,  particularly  since  direct  coupling 
could  be  used.  In  fact,  one  arrangement  has  been 
suggested  in  which  the  motor  would  be  built  into  a 
watertight  dome  with  the  directly  coupled  hydro¬ 
phone.32  Liquid  filling  in  the  lower  half  of  the  con¬ 
tainer  would  be  necessary  to  provide  acoustic  trans¬ 
mission. 


Among  the  reasons  for  a  lack  of  satisfactory  results 
with  the  rotoscope  systems  were  the  limitations  of 
the  available  transducers,  which  were  characterized 
by  broad  patterns,  excessive  side  and  back  sensitivity, 
and  extremely  low  efficiencies.  The  developments  of 
the  last  few  years  in  the  art  of  transducer  design 
would  undoubtedly  allow  considerably  improved 
performance. 
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COMMUTATED  ROTATION  SCANNING  SONAR 


s  i  GENERAL  DESCRIPTION 

The  model  xqha  scanning  sonar,  built  by  the 
Sangamo  Electric  Company  as  a  preproduc¬ 
tion  model1  during  the  latter  part  of  1944,  was  se¬ 
lected  to  explain  the  functional  requirements  and 
operation  of  commutated  rotation  [CR]  sonar  be¬ 
cause  it  embodied  most  of  the  durable  features  found 
desirable  by  HUSL  for  such  an  underwater-sound 
detection  system. 

A  block  diagram  showing  its  functional  operation 
is  shown  in  Figure  1.  Photographs,  schematic  dia¬ 
grams,  and  more  detailed  explanations  of  the  opera¬ 
tion  of  the  various  circuits  are  given  in  later  sections 
of  this  chapter. 

The  receiver  unit  of  the  Sangamo  model  contains 
the  send-receive  transfer  network  and  relay,  the  list¬ 
ening  and  scanning  commutators,  and  a  dual  chan¬ 
nel  amplifier.  The  transfer  relay  is  closed  during 
transmission  by  a  relay-actuating  tube  operated  from 
the  keying  unit  and  range  selector  in  the  indicator 
control  unit.  The  relay,  when  actuated,  removes  the 
short  across  the  output  of  the  transmitter,  discon¬ 
nects  the  ground  side  of  the  receiving  channel  at  the 
input  transformers,  and  removes  the  negative  bias 
from  the  modulator  in  the  transmitter,  which  thus 
is  allowed  to  operate  and  transmit  a  pulse  of  power 
to  the  transducer.  During  reception  the  transfer  relay 
remains  in  the  normal  position,  in  which  the  trans¬ 
mitter  output  is  grounded  to  prevent  any  possible 
noise  or  signal  feed-over  into  the  receiver.  The  low 
side  of  each  of  the  48  receiving-  and  48  listening-com¬ 
mutator  input  transformers  is  also  grounded,  and  the 
contacts  which  short  out  the  negative  bias  to  key  the 
oscillator  are  open. 

The  output  of  the  transmitter  is  fed  through  a 
bank  of  48  capacitors,  each  of  which  is  in  series  with 
a  transducer  element.  During  transmission,  these  are 
all  paralleled  and  tuned  by  a  common  coil.  During 
reception,  signals  generated  in  the  transducer  ele¬ 
ments  are  fed  to  the  48  commutator  segments  through 
48  step-up  transformers.  The  rotor  of  the  commuta¬ 
tor,  operating  at  approximately  1,800  rpm,  scans  the 
segments  of  the  stator  30  times  per  second  while  the 
beam-forming  lag  line,  which  revolves  as  an  integral 


part  of  the  rotor,  forms  a  narrow  beam  pattern  of 
receiving  sensitivity  at  a  specific  bearing  by  correct¬ 
ing  the  phases  and  amplitudes  of  the  voltages  of  sev¬ 
eral  segments  on  each  side  of  that  central  bearing 
segment.  The  output  of  the  rotor  is  conducted 
through  a  set  of  slip  rings  to  a  preamplifier  consist¬ 
ing  of  a  pentode  amplifier  stage,  a  band-pass  filter, 
and  a  cathode  follower.  The  output  of  the  cathode 
follower  is  fed  through  a  shielded  cable  to  the 
receiver. 

The  scanning  receiver  consists  of  a  tuned  amplifier 
(a  ganged  capacitor  controls  the  tuning  of  the  hetero¬ 
dyne  oscillator  and  the  first  tuned  stage  of  the  scan¬ 
ning  and  listening  amplifiers)  followed  by  a  band-pass 
filter,  second  and  third  stages  of  amplification  each' 
followed  by  a  band-pass  filter,  a  rectifier,  and  a  cath¬ 
ode  follower  which  feeds  the  brightening  grid  of  the 
cathode-ray  indicator  tube,  the  plan  position  indica¬ 
tor  [PPI].  The  first  two  stages  of  the  receiving  ampli¬ 
fier  are  controlled  by  a  master  gain  control  in  the  in¬ 
dicator  control  unit  as  well  as  a  reverberation-con¬ 
trolled  gain  [RCG]  circuit.  The  RCG  bias  is  rectified 
from  the  output  of  the  listening  amplifier  and  is  es¬ 
tablished  in  coincidence  with  the  keying  of  the  trans¬ 
mitter  by  a  tube  actuated  from  the  keying  unit  and 
range  selector  in  the  indicator  control  unit. 

The  input  circuits  of  the  listening  commutator  are 
paralleled  with  those  of  the  scanning  commutator; 
there  is  one  transfer  network  for  both  commutators. 
A  preamplifier  identical  to  that  on  the  scanning  com¬ 
mutator  feeds  the  commutator  output  signal  to  the 
listening  receiver,  the  first  two  stages  of  which  are 
identical  with  those  of  the  scanning  amplifier-receiver, 
being  tuned  by  the  same  ganged  capacitor  and  con¬ 
trolled  by  the  same  master  gain  control  and  RCG 
circuits.  There  is  an  auxiliary  gain  control  between 
the  second  stage  and  the  modulator  following  it.  The 
modulator  feeds  a  band-pass  filter  and  a  second  mod¬ 
ulator  which  produces  the  difference  frequency  of  800 
c  used  for  listening.  The  output  of  the  second  modu¬ 
lator  is  amplified,  passed  into  a  cathode  follower  feed¬ 
ing  an  800-cycle  band-pass  filter  and  into  a  power  out¬ 
put  stage  which  operates  the  loudspeaker  and  the 
chemical  range  recorder. 
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To  compensate  for  change  in  frequency  caused  by 
own-ship’s  speed,  a  group  of  circuits  for  own-doppler 
nullification  [ODN]  is  included  which  acts  on  the 
beat-frequency  oscillator.  The  ODN  feature  operates 
as  follows:  the  amplified  output  of  the  second  modu¬ 
lator  is  limited,  amplified,  and  further  amplified  by 
two  separate  channels,  one  of  which  feeds  a  discrimi¬ 
nator  coil,  the  other  a  band-pass  filter.  The  discrimi¬ 
nator  feeds  a  rectifier  to  provide  the  correction  bias 
to  a  reactance  tube  for  adjusting  the  frequency  of  the 
beat-frequency  oscillator;  the  output  of  the  second 
channels,  when  rectified,  provides  a  second  corrective 
bias  to  prevent  the  discriminator  bias  from  shifting 
in  the  negative  direction  as  a  result  of  spurious  cross¬ 
overs  occurring  in  the  discriminator  response.  A 
sampling  relay  operated  from  the  keying  and  range 
selector  unit  samples  a  portion  of  the  reverberation 
during  each  ping  period  and  corrects  the  beat-fre¬ 
quency  oscillator  to  produce  an  800-cycle  output 
from  the  modulator.  Requisite  power  supplies  are  in¬ 
cluded  in  the  receiver  unit. 

The  transmitter  unit  contains  a  local  oscillator,  the 
output  of  which  is  combined  with  the  unicontrol  os¬ 
cillator  signal  from  the  receiver  unit  in  a  modulator 
tube.  During  the  receiving  period  the  modulator  tube 
is  overbiased  to  prevent  signal  output;  during  trans¬ 
mission  this  bias  is  removed  by  the  transfer  relay  in 
the  receiver  unit.  The  ping  length  is  determined  by 
the  length  of  time  this  relay  holds  down,  but  can  be 
varied  by  controls  in  a  trigger-tube  circuit  which  is  in 
the  indicator  control  and  determines  the  length  of  the 
current  pulse  in  the  relay  coil. 

The  output  of  the  modulator  is  filterecLancLap- 
plied  to  the  grid  of  the  power-amplifier  driver  tube, 
which  is  transformer-coupled  to  the  grids  of  two 
power  output  tubes  which  drive  the  transducer 
through  a  suitable  matching  transformer.  The  trans¬ 
fer  relay  and  impedance-matching  network  are  con¬ 
tained  in  the  receiver  unit  and  have  already  been  de¬ 
scribed.  Control  of  the  transmitter  output  power  is 
obtained  by  varying  the  plate  voltage  of  the  output 
tubes  by  a  variable-ratio  auto-transformer  in  the  pri¬ 
mary  of  the  plate  supply  transformer. 

The  transmitter  is  an  impulse  type  which  employs 
large  storage  capacitors  for  the  plate  supply  of  the 
power  output  tubes.  The  transmitted  pulse  at  the 
slowest  pinging  rate  develops  a  total  power  input  of 
7.8  kw  to  the  transducer.  Since  the  transducer  acous¬ 
tical  efficiency  is  from  30  to  40  per  cent,  the  result  is 
3  kw  of  sound  power  transmitted  into  the  water.  This 


type  of  transmitter  is  extremely  economical,  its  aver¬ 
age  power  input  being  only  about  550  watts. 

Provision  for  underwater  code  communication  at 
reduced  output  is  made  by  incorporating  in  the  trans¬ 
mitter  a  relay  which  applies  a  120-cycle  modulating 
voltage  to  the  tube  that  feeds  the  power-amplifier 
drivers.  This  relay  also  actuates  the  transfer  relay  in 
the  receiver  unit,  which  in  turn  allows  the  modulator 
in  the  transmitter  to  operate  in  the  manner  described 
above.  The  transmitter  output  then  consists  of  short 
pulses  of  energy  produced  at  a  120-cycle  rate.  The 
hand  key  that  energizes  the  communication  relay  is 
located  on  the  indicator  control  unit.  Suitable  high- 
and  low-voltage  power  supplies  are  provided. 

The  indicator  control  unit  contains  the  cathode- 
ray  tube  on  which  range  and  bearing  information 
developed  by  the  system  is  presented  as  a  PPI  display, 
the  circuits  associated  with  the  tube,  the  necessary 
operator  controls,  and  the  timing  circuits  which  oper¬ 
ate  the  various  portions  of  the  system  in  correct  se¬ 
quence.  A  bulkhead-mounted  loudspeaker  and  the 
chemical  range  recorder  were  located  near  the  indica¬ 
tor  unit. 

The  PPI  cathode-ray  tube  is  provided  with  a  focus¬ 
ing  coil  and  a  deflection  coil  assembly.  The  latter  is 
actually  a  3-phase  5  CT  synchro  stator  coil  wound  to 
match  the  output  of  the  synchro  generator  mounted 
on  the  scanning  commutator.  A  3-phase  alternating 
current  whose  frequency  is  equal  to  the  scanning 
speed  and  whose  amplitude  is  sawtooth  modulated 
at  the  ping  rate  is  supplied  by  the  5  HCT  synchro 
generator  to  the  deflection  coil,  causing  the  cathode 
ray  to  spiral  out  from  the  center  to  the  circumference 
of  the  tube.  As  the  synchro  generator  is  geared  directly 
to  the  scanning  commutator  rotor  the  spiral-sweep 
rotation  is  synchronized  with  the  scanning  commuta¬ 
tor  rotation;  its  rate  of  increase  of  radius  is  propor¬ 
tional  to  the  range  setting.  The  rectified  signal  output 
from  the  scanning  amplifier-receiver  is  applied  to  the 
control  grid  of  the  cathode-ray  tube,  resulting,  when 
an  echo  is  received,  in  a  bright  arc  on  the  fluorescent 
tube  face  which,  in  angular  position,  indicates  the 
target  bearing  and,  in  radius,  the  target  range.  Exter¬ 
nally  generated  sounds,  such  as  propeller  noises,  pro¬ 
duce  a  brightened  sector  whose  angular  position  in¬ 
dicates  the  bearing  of  the  sound  source.The  brilliance 
of  the  indication  can  be  varied  by  an  intensity  con¬ 
trol. 

The  output  of  the  listening  amplifier-receiver  is 
supplied  to  a  loudspeaker  and  the  chemical  range 
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recorder.  The  listening:  commutator  rotor  is  trained, 
through  a  synchro-controlled  servo  system,  hv  a  hand- 
wheel  which  positions  the  bearing  cursor  line  on  the 
PPI,  a  dial  being  provided  to  indicate  hearing  order. 
Maintenance  of  true  bearing  [M Til]  is  provided 
through  synchro  connection  to  the  ship’s  gyrocom¬ 
pass,  but  the  training  control  can  be  converted  to 
relative  bearing  by  throwing  a  switch  MTB  on-off  in 
the  indicator  control  unit. 

A  cursor  line  on  the  face  of  the  PPI  scope  is  pro¬ 
duced  automatically  during  the  transmission  inter¬ 
val,  but  can  also  be  applied  at  will  during  any  part  of 
the  receiving  interval  by  pressing  a  button  that  ener¬ 
gizes  the  cursor  circuit.  During  the  transmitting  pe¬ 
riod,  a  separate  relay  disconnects  the  PPI  deflection 
coil  from  the  synchro  generator  on  the  scanning  com¬ 
mutator,  connects  it  to  a  set  of  transformers  fed  from 
the  hand-trained  synchro, and  simultaneously  applies 
a  60-cycle  signal,  synchronized  in  proper  phase  rela¬ 
tion  to  the  synchro  order,  to  the  grid  of  the  PPI  tube, 
to  produce  a  line  on  one-half  the  scope.  The  intensity 
of  this  cursor  line  is  varied  by  a  separate  control. 

The  length  of  time  between  pings  is  determined 
either  by  a  mechanical  timer  in  the  indicator  unit  or 
by  the  chemical  range  recorder.  T  he  recorder,  when 
turned  on,  automatically  takes  control  of  keying  un¬ 
less  the  remote  keying  on-off  switch  was  turned  oil. 
The  keying  pulse  from  either  of  these  sources  sets  off 
three  trigger  circuits:  the  first  gives  a  pulse  which 
actuates  the  transfer  relay  in  the  receiver  unit  and 
operates  the  sweep  discharge  relay.  The  second  gen¬ 
erates  a  pulse  that  controls  the  length  of  time  the  PPI 
deflection  coil  and  grid  transfer  relay  operate.  The 
third  generates  two  blanking  pulses  which  are  ap¬ 
plied  to  the  PPI  tube  to  blank  out  display  of  tran¬ 
sients  caused  by  collapse  of  the  magnetic  field  in  the 
deflection  coil  and  by  the  switching  operation.  The 
first  of  the  two  blanking  pulses  is  over  in  time  for  pro¬ 
ducing  the  bearing  cursor  line;  the  second,  which  is 
initiated  by  the  cessation  of  the  pulse  from  the  second 
trigger  circuit,  blanks  the  scope  while  the  deflection 
coils  are  being  reconnected  to  the  spiral-sweep. supply. 

A  test  circuit  to  check  the  length  of  the  transmitted 
pulse  is  embodied  in  the  indicator  unit.  When  this 
circuit  is  placed  in  operation,  trigger  circuits  No.  2 
and  3  are  inoperative,  so  that  blanking  and  deflection 
coil  switching  does  not  occur.  Further,  the  circuit  is  so 
arranged  that  the  spiral-sweep  keying  is  dissociated 
from  the  transmitter  keying  to  allow  observation  of 
the  transmitted  pulse  signal  as  a  bright  spiral  trace  on 


Fuji  re  2-  Receiving  directivity  patterns  obtained  with 
Medusa  transducer  and  whirling  dervish  commutator. 


the  PPI  Lube.  A  spiral  with  a  slight  overlap  indicates 
a  pulse  length  slightly  longer  than  one  scanning  rota¬ 
tion  period,  and  adjustment  of  the  transmitted  pulse 
length  can  be  made  by  varying  the  pulse  length  from 
trigger  circuit  No.  1.  The  sweep  voltage  generator 
produces  a  sawtooth  wave  initiated  by  the  keying 
unit  through  the  sweep  relay.  This  linear  sawtooth 
wave  is  fed  into  the  rotor  of  the  synchro  generator 
which  produces  the  spiral  sweep. 

r>2  EXPERIMENTAL  WORK  ON  CR 
SCANNING  SONAR  SYSTEM 

5.2.1  Medusa  and  Rotating  Tubes 

The  first  CR  system  used  a  36-element  vertical 
nickel  tube  transducer  known  as  Medusa  (see  Section 
5.3  on  transducers  for  CR  sonar),  so  named  because 
of  the  large  number  of  wires  emerging  from  the  top  of 
the  perimeter  of  the  transducer.  (See  Figure  10.)  The 
capacitive  commutator  used  with  Medusa  was  known 
as  the  whirling  dervish  and  is  described  later  in  this 
chapter.  It  was  an  early  model  commutator  unit  built 
with  the  lag  line  and  10  amplifier  tubes  mounted  on 
the  rotor  and  rotated  at  10  rps. 

'Fhc  transducer  and  commutator  were  tested  at  the 
HUSL  barge,  where  patterns  were  photographed  as 
they  appeared  on  the  cathode-rav  oscilloscope.  These 
patterns,2  recorded  for  each  20  degrees  around  the 
transducer,  arc  given  in  Figure  2.  A  14-kc  ring  stack, 
used  as  a  projector  and  driven  by  a  power  amplifier, 
provided  sound  in  the  water  for  echo  ranging  in  the 
Charles  River  Basin.  Echoes  were  received  from  the 
opposite  bank  of  the  river  on  this  first  experimental 
system.  No  indicator  was  used  other  than  a  CRO  and 
a  high-frequency  analyzer  for  listening.3 

About  October  16,  1912,  the  system  was  taken 
aboard  the  Aim:  de  Camp  for  a  short  series  of  tests. 
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Figure  3.  Block  diagram  of  Medusa,  whirling  dervish 
scanning  sonar  of  Aide  de  Camp. 


The  transducer  was  located  in  the  forward  well  of 
the  Aide  de  Camp,  with  the  capacitive  commutator 
placed  on  the  floor  next  to  the  well.  A  400-watt  trans¬ 
mitter  feeding  the  14-kc  ring  stack  was  used  as  a  source 
of  sound  in  the  water.  The  signal  output  from  the 
commutator  was  fed  through  a  preamplifier  to  a  re¬ 
ceiver  built  for  use  in  mechanically  rotated  [MR] 
sonar  and  known  as  the  time-varied  gain  [TVG] 
receiver  (see  Chapter  4).  The  output  of  the  receiver 
was  then  fed  to  the  brightening  grid  of  a  7-inch  cath¬ 
ode-ray  tube  built  for  MR  use.  The  electronic 
spiral  sweep  of  this  tube  rotated  at  10  rps,  and  was 
synchronized  with  the  commutator  rotation  by  an 
electric  contact  on  the  rotor.  A  hand  key  was  used  to 
reset  the  spiral  and  key  the  transmitter.  The  keying 
interval  was  controlled  through  relays  by  a  contactor 
on  the  commutator  rotor  shaft  so  that  the  ping  length 
equalled  the  time  of  one  revolution  of  the  rotor;  how¬ 
ever,  the  ping  sequence  had  to  be  manually  initi¬ 
ated.4  Figure  3  gives  a  block  diagram  of  the  system 
used. 

Experimental  tests  made  in  Boston  Harbor  indi¬ 
cated  that  with  a  constant  14-kc  signal  fed  into  the 
ring  stack,  located  in  the  aft  well  of  the  Aide  de 
Camp,  radial  brightening  was  produced  on  the  indi¬ 
cator,  showing  that  a  pattern  was  being  produced  and 
rotated.  However,  tests  also  showed  that  the  bearing 
indication  changed  when  the  transducer  was  turned 
in  the  water.  This  undesirable  effect  occurred  because 


the  individual  hydrophone  elements  of  the  transdu¬ 
cer  differed  in  their  directional  pattern  and  sensitiv¬ 
ity.  Moreover,  the  commutator  was  noisy,  from  both 
electrical  pickup  and  microphonics.  When  listening, 
with  the  commutator  stationary,  a  rotor  position  was 
found  at  which  a  very  good  echo  could  be  identified 
by  ear.  With  the  rotor  running,  the  noise  level  was 
higher,  and  because  of  the  shorter  duration  of  the 
echo,  aural  identification  was  difficult.  No  echoes  were 
identified  on  the  cathode-ray  indicator  screen,  but 
noise  from  passing  ships  and  other  noise  sources  was 
indicated.5  The  general  result  was  encouraging,  but 
it  was  apparent  that  a  more  efficient  and  uniform 
transducer  was  necessary.  Consequently,  it  was  de¬ 
cided  to  build  a  laminated-stack  multiple-element 
transducer  for  the  scanning  system. 

5-2-2  Auditorium  Demonstration  System 

While  a  new  transducer  was  being  designed  and 
built  for  further  work  on  the  scanning  problem,  the 
electronic  components  of  a  new  system,  to  operate  at 
22  kc,  were  designed  and  built.  During  development, 
the  system  was  set  up  in  the  laboratory  and  tested  by 
artificial  means.  A  block  diagram  of  this  system,  as 
finally  evolved  for  demonstration  purposes,  is  shown 
in  Figure  4.  It  uses  a  cathode-ray  tube  PPI  on 
which  the  spiral  sweep  is  produced  by  a  synchro  stator 
coil  assembly  around  the  neck  of  the  tube.  The  sweep 
voltage  is  obtained  from  a  3-phase  synchro  generator 
mounted  on  the  capacitive  commutator  shaft,  the 
generator  field  being  excited  by  a  sawtooth  varying 
current.  A  DG  synchro  is  inserted  in  the  sweep  circuit 
between  the  generator  and  the  cathode-ray  tube  so 


Figure  4.  Block  diagram  of  laboratory  demonstration 
system. 
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Fhu'RK  n.  Block  diagram  of  Aiijk  m:  Camp  CR/ER  scan¬ 
ning  system. 


that  the  position  of  the  indication  can  he  varied  in 
bearing.  The  sawtooth  generator  controls  the  key¬ 
ing  of  the  system.  To  simulate  the  echo  signal,  a  re¬ 
verberation  generator  was  developed  and  built  for 
this  particular  application,  the  echo  being  formed  by 
it  and  an  oscillator  signal  keyed  through  a  time-delay 
relay  mechanism  in  such  a  manner  that  the  echo 
wotdd  appear  at  any  desired  range  on  the  PPI.  The 
signal  from  the  reverberation  generator  and  oscilla¬ 
tor  is  fed  through  an  amplifier  with  inverse  TVG  to 
produce  reverberation  levels  and  level  changes  with 
time  similar  to  those  actually  occurring  in  water.  This 
signal  is  then  feci  through  an  artificial  transducer 
which  produces  the  appropriate  time  lags  between 
the  signal  voltages  reaching  the  various  commutator 
elements.  From  the  commutator  the  signal  is  fed 
through  a  preamplifier  and  a  receiver  to  the  brighten¬ 
ing  grid  of  the  cathode-ray  tube  indicator.  A  listening 
receiver  and  loudspeaker  are  connected  to  the  artifi¬ 
cial  transducer  so  that  it  is  possible  to  hear  the  signal 
that  is  being  fed  through  the  CR  system.  The  ideas 
incorporated  into  this  system  were  later  used  in  de¬ 
veloping  the  operator  training  equipment  [OTE].fi 
This  system  was  used  as  a  laboratory  test  for  the  de¬ 
velopment  of  new  components  and  for  demonstra¬ 
tions  to  interested  parties  of  the  Navy,  Merchant  Ma¬ 
rine,  and  OSRD. 

Concurrently  with  this  work,  experiments  were  car¬ 
ried  on  to  develop  a  better  sweep  circuit.  Although  a 
capacitor-type  sweep  was  tried,7  the  synchro  type  was 


found  to  be  more  satisfactory  and  was  eventually 
adopted  for  use  on  all  CR  systems.  Considerable  re¬ 
search  on  receivers,  methods  of  pulse  sharpening, 
simultaneous  lobe  comparison  [SLC],  and  ampli¬ 
tude  brightening  was  carried  forward  during  this  pe¬ 
riod;  these  developments  are  discussed  in  the  sections 
of  this  chapter  having  to  do  with  receivers  and  sweep 
and  timing  circuits.  Tests  were  made  on  some  dop- 
plcr  brightening  arrangements  but  they  were  not  suc¬ 
cessful.  During  this  period  much  time  was  also  spent 
in  the  search  for  a  proper  plate  material  to  be  used  in 
the  capacitive  commutator.  Since  a  scanning  speed  of 
30  rps  was  deemed  necessary  for  using  the  short-ping 
technique,  a  commutator  capable  of  rotating  at  1,800 
rpm  had  to  be  designed.  A  detailed  discussion  of  the 
developmental  work  on  commutators  is  given  in  Sec¬ 
tion  5.4  of  this  chapter.  The  commutator  finally  de¬ 
cided  upon  for  the  demonstration  system,  and  later 
used  in  the  system  on  the  Aide  df.  Camp,  was  the  one 
designated  as  Model  1. 

5.2.3  Aide  de  Camp  System 

The  first  laminated-stack  36-element  transducer, 
known  as  Hebbphone  1  [HP-1],  was  installed  in  the 
forward  well  of  the  Aide  df.  Camp.  This  formed  the 
basis  for  the  Aide  df.  Camp  system  which  was  actu¬ 
ally  first  installed  in  June  1013,  and  was  given  exten¬ 
sive  field  tests  during  October  and  November  at  New 
London  with  a  submarine  target. 

Although  minor  changes  in  the  system  components 
were  made  from  week  to  week,  the  block  diagram 
given  in  Figure  5  shows  the  overall  arrangement  of 
circuits  used  throughout  the  whole  history  of  this  sys¬ 
tem.  HP-1  was  used  both  as  a  transmitting  and  receiv¬ 
ing  projector  at  21  kc.  It  is  a  type  which  requires  d-c 
polarization  at  all  times.  The  received  signals  from 
the  transducer  elements  were  introduced  into  the 
Model  1  commutator  and  its  associated  beam-forming 
lag  line.  The  lag  line’s  output  signal  was  amplified  in 
a  preamplifier,  and  then  applied  to  the  receiver 
equipment.  A  receiver  amplified  the  signal  and  pro¬ 
duced  a  brightened  spot  on  the  cathode-rav  tube  PPI. 
There  was  also  a  spiral  sweep  controlling  the  keying 
circuits  which  keyed  the  1.5-kw  transmitter  for  trans¬ 
mission. 

Part  of  the  time,  and  for  the  New  London  tests,  a 
60-rps  scanning  ER  rotor  was  installed,  which  could 
be  substituted  for  the  CR  Model  1  commutator  by 
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changing  four  connection  plugs.  This  is  described  in 
Chapter  7. 

The  electronic  receiver  equipment  consisted  of 
three  receivers:  a  delayed  lobe  comparison  [DLC] 
receiver  used  almost  exclusively  with  ER;  an  SLC  re¬ 
ceiver;  and  a  linear  amplitude  receiver— used  almost 
exclusively  with  the  CR  system.  There  was  also  a 
pulse-sharpening  circuit  for  the  output  of  the  ampli¬ 
tude  receiver,  which  the  operator  could  use  or  not  as 
he  wished.  The  receiver  connections  were  arranged 
so  that  any  one  of  them  could  be  connected  by  suit¬ 
able  switches  to  the  preamplifier  output  signal  chan¬ 
nel  and  to  the  PPL  The  spiral-sweep  generator  fed  a 
sawtooth  excitation  current  to  the  synchro  generator 
rotors  to  produce  a  spiral  sweep  on  the  indicator.  The 
ranges  used  were  1,000,  2,000,  and  4,000  yards.  The 
range-marker  circuit  put  a  brightened  ring,  equal  to 
one  turn  of  the  spiral,  on  the  PPI  four  times  during  a 
sweep  cycle,  thus  separating  the  range  into  four  equal 
parts  in  an  attempt  to  make  the  estimation  of  range 
fairly  accurate  by  interpolation  between  these  range 
marks.  The  PPI  used  was  the  7-inch  cathode-ray  tube 
employed  in  the  laboratory  system.  However,  this 
was  later  replaced  by  a  12-inch  tube  with  a  mechani¬ 
cal  cursor  for  reading  bearing. 

Operation  of  the  keying  system  was  initiated  by  the 
spiral  flyback  voltage  which  was  differentiated  and 
used  to  start  the  keying  chassis  in  its  keying  sequence. 
During  reception,  the  elements  of  the  transducer 
were  connected  independently  to  the  commutator 
unit;  during  transmission,  all  elements  were  con¬ 
nected  in  parallel  to  the  transmitter.  This  was  accom¬ 
plished  by  means  of  a  36-pole  relay. 

The  keying  sequence  was  as  follows:  When  the 
transducer  relays  closed,  the  receiver  circuit  was 
broken  and  a  pulse  fed  to  the  transmitter  keying  relay 
which  allowed  the  transmission  of  a  high-frequency 
signal  into  the  transducer.  At  the  end  of  the  ping,  the 
transmitter  relay,  and  then  the  transducer  relays, 
opened,  thereby  connecting  the  transducer  to  the  re¬ 
ceiving  circuits.  This  somewhat  complicated  inter¬ 
wiring  of  relays  was  necessary  to  prevent  the  trans¬ 
mitter  from  feeding  power  into  the  commutator  or 
any  part  of  the  receiving  system. 

This  system  worked  very  well,  producing  good 
echoes  from  surface  ships,  bottom,  and  underwater 
objects.  The  Model  1  commutator  produced  a  good 
pattern  with  the  HP-1  transducer,  and  rotated  the 
beam  smoothly.  Insulation  breakdown  inside  HP-1 
occurred  near  the  end  of  July,  which  necessitated  its 


removal  for  repair.  In  the  meantime,  the  Aide  de 
Camp  was  used  for  other  work  so  that  the  CR  system 
was  not  back  on  board  until  September  1943. 

Numerous  tests  were  made  in  July,  September,  and 
October.  One  of  these  was  the  test  of  the  various  re¬ 
ceivers.  (See  Section  5.6  of  this  chapter.)  By  using  a 
floating  echo  repeater  of  the  buoy  variety8  as  a  target, 
it  was  finally  decided  that  the  linear  amplitude  re¬ 
ceiver  produced  the  b<?st  indications.  The  SLC  and 
DLC  receivers  produced  an  on-off  type  of  indication, 
and  the  amplitude  receiver  with  sharpening  pro¬ 
duced  a  pulse  too  sharp  and  without  sufficient  dis¬ 
crimination  between  echoes  and  noise.  The  linear 
amplitude  receiver  produced  a  half-tone  effect  that 
delineated  channels,  ledges,  rocks,  and  other  bottom 
singularities,  making  identification  of  echoes  in  the 
presence  of  such  interference  much  easier.9 

The  possibility  of  a  true-bearing  PPI  was  also  in¬ 
vestigated.  A  DG  synchro  was  installed  in  the  sweep 
channel  between  the  synchro  generator  on  the  com¬ 
mutator  and  the  deflection  coils  on  the  PPI  tube.  The 
rotor  in  the  DG  synchro  was  positioned  by  a  servo 
motor  which  was  driven  by  the  output  from  a  photo¬ 
electric-cell  compass  follower.  This  arrangement  gave 
magnetic  rather  than  true  bearing.  The  system  worked 
successfully,  but  was  confusing  to  operators  whose  in¬ 
struction  had  been  limited  to  experience  on  the  rela¬ 
tive  bearing  plot. 

During  the  change  from  7-inch  to  12-inch  indica¬ 
tors,  it  was  noted  that  while  the  12-inch  size  gave  a 
larger  plot,  the  actual  information  received  was  not 
improved  and  the  spiral  appeared  much  coarser.10 

Shortly  before  the  New  London  trip,  a  transmitter 
utilizing  the  duty-cycle  pulse-type  circuit  was  in¬ 
stalled.  With  this  circuit  the  same  pulse  power  could 
be  obtained  from  a  much  more  compact  transmitter 
than  the  one  designed  for  1.5-kw  continuous  service. 
This  unit  is  described  in  Section  5.7  of  this  chapter.  It 
worked  well  for  an  experimental  model  and  its  gen¬ 
eral  design  was  later  adopted  for  all  scanning  sonar 
systems. 

During  November  of  1943  the  Aide  de  Camp  was 
stationed  at  New  London  where  field  tests  on  the  CR 
system  continued,  using  a  submarine  as  target.  Some¬ 
times  it  was  possible  to  follow  the  submarine  at  peri¬ 
scope  depth,  or  a  little  deeper,  out  to  4,000  yards.  At 
other  times  it  was  impossible  to  detect  the  target  at 
ranges  over  1,500  yards.  Under  reasonable  water  con¬ 
ditions  the  system  followed  the  evasive  maneuvers  of 
the  submarine  readily. 
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During  this  test  period,  sharpening  of  the  beam 
and  reduction  of  minor  lobes  in  the  system  were  im¬ 
proved.11  Records  were  made  of  echo  amplitude  and 
the  sensitivity  of  the  system  was  determined.12  A 
study  of  range  errors,  error  distribution,  and  echo  am¬ 
plitudes  was  made. 1:1 

Experience  with  range  determination  on  this  CR 
scanning  sonar  may  be  summarized  as  follows:  Range 
observation  of  the  1*1*1  was  quite  simple,  but  observed 
ranges  appeared  to  have  errors  of  ±61  yards,  which  is 
much  greater  than  the  intrinsic  sonar  error  of  ±15 
yards,  showing  that  the  indicating  method  left  much 
to  be  desired. 

The  results  of  these  tests  also  indicated  that  the 
average  hearing  error  was  approximately  6  degrees. 
This  error  was  not  introduced  by  the  method  of  rota¬ 
tion,  since  an  experiment  to  check  this  point  indi¬ 
cated  that  the  direction  of  the  maximum  beam  sensi¬ 
tivity  was  always  within  2  degrees  of  the  direction 
indicated  by  the  capacitive  commutator. 

During  the  whole  experimental  period,  behavior 
of  the  spots  on  the  GRO  indicator  corresponding  to 
echoes  received  from  the  target  indicated  that  there 
was  an  uncertainty  of  approximately  ±10  degrees 
as  to  the  precise  bearing  of  the  target.  This  erratic 
motion  was  possibly  caused  by  the  ship’s  yaw  and 
bearing  errors  which  derived  from  amplitude  modu¬ 
lation  of  the  echo. 

In  regard  to  echo  strengths,  it  was  found  that  at 
000  degrees  relative  bearing,  with  the  submarine  at 
1,000  yards  at  beam  aspect,  good  echoes  were  re¬ 
turned  from  only  about  25  per  cent  of  the  pings,  as 
observed  on  the  PPI  screen.  Observable  echoes  were 
returned  from  perhaps  30  per  cent,  and  the  remain¬ 
ing  70  per  cent  of  the  pings  produced  no  spot  on  the 
screen.  To  obtain  quantitative  data  on  the  perform¬ 
ance  of  the  system,  careful  measurements  of  trans¬ 
mitted  power  and  receiving  sensitivity  were  made, 
and  the  figure  of  merit  of  the  system  was  determined 
to  be  122  db,12  which  is  definitely  low  for  a  sonar 
system.  Further  study  of  the  echo  intensity  data  indi¬ 
cated  that  they  were  consistent  with  the  behavior  to 
be  expected,  under  the  thermal  conditions  then  pre¬ 
vailing,  from  a  sonar  system  with  this  figure  of  merit 
and  a  submarine  with  a  target  strength  of  something 
under  10  dir. 

While  the  Aide  df.  Camp  was  at  New  London,  the 
CR  system  was  demonstrated  to  representatives  of 
the  Navy  and  of  interested  manufacturing  concerns. 
On  the  return  trip  from  New  London  a  stop  was 


made  at  Newport,  and  the  CR  system,  as  a  listening 
device,  was  tested  for  its  ability  to  detect  torpedoes.11 
The  Aide  df.  Camp  lay  off  the  edge  of  the  firing 
range  at  about  2,000  yards  from  the  control  tower. 
A  torpedo  could  be  followed  by  its  noise  from  the 
time  it  was  launched  until  the  end  of  its  run,  the 
noise  producing  a  brightened  radial  sector  on  the 
PPI  that  indicated  its  bearing. 

After  the  return  from  Newport,  a  second  pulse- 
type  transmitter  was  substituted  for  the  one  that  had 
been  on  board.  Because  of  its  higher  power  output,  a 
better  signal-to-noisc  ratio  was  obtained.  Other 
changes  also  were  made.  In  the  initial  installation  the 
transducer  polarizing  current  was  supplied  by  three 
heavy-duty  storage  batteries  connected  in  parallel, 
producing  about  60  amperes  of  polarizing  current. 
These  batteries  were  so  connected  that  they  could  be 
charged  by  a  motor-driven  generator  while  not  in 
use.  As  this  system  was  too  noisy,  a  General  Electric 
oxide  rectifier  unit  and  filter,  capable  of  producing 
about  50  amperes  at  5  volts,  was  installed  in  the  place 
of  the  batteries  and  generator,  making  a  much  clean¬ 
er  installation. 

A  change  was  also  made  in  the  transfer  network. 
A  method  of  connection,  using  blocking  capacitors 
and  inductors  that  required  but  one  relay  in  the 
ground  returns  of  the  rotor  input  transformers,  was 
tested  and  proved  satisfactory.  The  HP-1  transducer 
was  removed,  repaired,  and  reinstalled  in  late  De¬ 
cember.  At  that  time  the  first  CR  console,  known  as 
the  CR/ER  Model  I,  No.  1,  was  installed  for  tests 
before  it  was  to  be  placed  on  the  USS  Sardonyx  at 
New  London. 

A  series-tuned,  thyrite,  send-receive,  transfer  net¬ 
work  was  used  with  moderately  good  results  for  a  few 
weeks  in  December  and  January  1 911,  on  the  Model 
1  rotor  on  the  Aide  df.  Camp.  The  circuit  diagram 
is  shown  in  Figure  20.  No  tuning  adjustments  were 
necessary  after  they  were  made  initially  at  HUSL. 
The  minimum  detectable  signal  was  approximately 
the  same  as  with  the  transformers,  and  the  pattern 
was  equally  good.  The  chief  drawback  was  the  neces¬ 
sity  for  fixed  tuning  at  only  one  frequency. 

5  2 '  Model  1  CR/ER  Sonar 

In  February  1911,  the  CR/ER  console,  Model  1, 
No.  1,  the  Model  1  commutator  rotor,  the  HP-1 
transducer,  and  its  choke  box  were  removed  from  the 
Aide  df.  Camp.  These  units  and  the  components 
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necessary  to  make  a  complete  CR  system  were  in¬ 
stalled  on  the  USS  Sardonyx  about  February  21, 
1944.  The  block  diagram  of  the  system  as  installed 
is  shown  in  Figure  6.  The  components  did  not  differ 
much  from  those  in  the  experimental  system  on  the 
Aide  de  Camp  except  that  the  electronic  chassis  were 
placed  in  two  cabinets. 

The  main  improvement  in  this  system  was  a  second 
commutator  paralleled  with  the  first  and  used  for 
listening.  It  was  hand-trained,  thereby  giving  the 
equivalent  of  a  regular  searchlight-type  sonar  in  ad¬ 
dition  to  the  scanning  sonar.  The  regular  scanning 
commutator  rotated  at  the  usual  1,800-rpm  speed  and 
performed  the  scanning  operation,  while  the  listen¬ 
ing  commutator  was  positioned  by  a  servo  motor 
which  acted  as  a  follow-up  for  a  hand-operated  syn¬ 
chro  system  controlled  by  a  knob  at  the  top  of  the 
console.  A  bearing  bug  next  to  this  knob  repeated 
the  position  of  the  rotor.  The  output  of  the  listening 
commutator  was  applied  to  a  listening  receiver.  In 
this  manner,  the  listening  beam  could  be  trained, 


and  the  echo  received  and  made  audible  by  a  loud¬ 
speaker. 

A  second  improvement  was  the  use  of  a  remote 
repeater  station  which  included  a  PPI  scope  and  a 
loudspeaker.  These  were  both  in  parallel  with  the 
main  indicator  and  speaker  so  that  the  conning  officer 
on  the  bridge  could  also  see  and  hear  what  the  oper¬ 
ator  was  seeing  and  hearing.  The  PPI  had  the  bright¬ 
ened  ring  range-marking  circuit  as  used  on  the  Aide 
de  Camp,  but  a  switch  was  installed  so  that  the  range 
marks  were  applied  only  when  desired.14 

The  HP-1  transducer  was  installed  first,  but  on 
February  28,  the  HP-2  transducer  became  available 
and  was  installed.  Some  difficulty  was  encountered 
with  three  or  four  leaking  elements  of  HP-2;  these 
elements  were  removed  from  the  circuit  and  it 
worked  satisfactorily  without  them.  As  installed  at 
first,  the  choke  box  used  the  36-pole  relay  system  for 
the  send-receive  change-over,  but  this  was  later  re¬ 
placed  by  a  send-receive  network  requiring  only  one 
relay  (see  Figure  21).  The  transmitter  was  of  the 
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pulse  type  (see  Section  5.7  of  this  chapter),  and  a  GE 
oxide  rectifier  battery  charger  was  used  for  polarizing 
the  transducer.  The  ER  rotor  was  not  used  although 
the  console  had  been  designed  as  a  GR/ER  console. 

From  February  21  to  March  3  operation  of  the  CR 
equipment  was  demonstrated. lr*  On  one  test  run  dur¬ 
ing  this  period,  it  was  found  that  with  a  submarine 
target  500  yards  away,  H  pings  out  of  20  gave  good 
echo  indications  on  the  screen,  while  at  a  range  of 
1,500  yards  on  the  same  target,  8  pings  out  of  20  gave 
good  indications.  During  other  tests  the  operator  was 
able  to  hold  contact  with  the  submarine  at  times  up 
to  3,000  yards,  while  audible  echoes  could  be  heard 
at  greater  ranges.  The  discovery  range  of  the  target 
was  consistently  of  the  older  of  2,000  yards.  The 
power  in  the  water  at  this  time  was  measured  at 
various  values  between  11  and  25  acoustic  watts."'* 

On  March  1  the  HP-2  transducer  was  removed  and 
the  HP-1  reinstalled.  On  some  trial  texls  made  at  this 
time  with  HP-1,  the  maximum  range  for  echo  iden¬ 
tification  on  the  PPI  was  found  to  be  about  2,200 
yards  with  the  maximum  audible  range  of  3,800 
yards. 

The  CR  Model  1  QH  system  was  aboard  the  USS 
Sardonyx  for  about  one  month  and  then  was  re¬ 
moved  because  of  the  urgent  need  of  ship  facilities 
for  other  programs.  Near  the  end  of  May  this  equip¬ 
ment  was  installed  on  the  USS  Cythera.  As  the  sea 
chest  on  the  USS  Cythera  was  too  small  to  permit 
the  installation  of  the  HP-2,  the  HP-1  was  used.  In 
July  the  HP-1  transducer  unit  was  removed  and  the 
AX-89,  a  Brush  crystal  transducer,  was  installed  and 
used  for  a  few  days  until  speed  tests  were  tried.  At  this 
time,  the  rubber  boot  water-seals  broke  down  and 
water  reached  and  damaged  the  crystals.  The  trans¬ 
ducer  was  removed  while  repairs  were  made,  and 
HP-1  was  used  for  approximately  two  weeks. 

During  June  1944  an  attempt  was  made  to  deter¬ 
mine  the  accuracy  of  bearing  indication  of  this  sys¬ 
tem.  Several  runs  were  made  past  a  triplanc  target, 
anchored  1,000  yards  cast  of  Sea  Flower  Reef  in 
Fisher’s  Island  Sound.  The  data  taken  included  ship’s 
bearing,  range  reading  on  the  chemical  recorder  at¬ 
tached  to  the  listening  channel,  and  bearing  indica¬ 
tion  as  given  on  the  PPI.  These  results  showed  a 
mean  deviation  of  1.1  degrees.  No  corrections  were 
made  for  irregularities  in  bearing  produced  by  ship’s 
yaw.17 

On  July  18,  1914,  tests  using  a  submarine  as  the  tar¬ 
get  were  run  in  an  effort  to  determine  maximum  dis¬ 


covery  range.  The  transducer  used  was  the  repaired 
AX-89  crystal  unit.  This  range  was  found  to  be  ap¬ 
proximately  1,800  yards  with  the  minimum  contact 
range  being  about  200  yards.  A  visual  figure  of  merit 
on  this  system  at  the  dock  was  found  to  be  127  db.,s 
In  trial  runs  made  while  testing  for  torpedoes  fired 
by  the  submarine,  maximum  echo  ranges  of  1,500 
yards  to  2,100  yards  were  obtained  on  the  submarine 
target. 

During  July  and  August  1911  the  QH  Model  1 
gear  on  the  USS  Cytiiera  was  used  to  listen  for  tor¬ 
pedoes  fired  by  a  submarine  in  an  attempt  to  deter¬ 
mine  the  discovery  range  of  the  fired  torpedo  and  the 
range  at  which  the  torpedo  was  lost.  Where  water 
conditions  permitted  detection  of  echoes,  observa¬ 
tions  were  made  of  the  range  and  bearing  of  the  sub¬ 
marine  at  10-  or  20-second  intervals.  In  making:  these 
tests,  the  QH  operator  kept  the  listening  channel 
trained  on  the  noise  source  as  the  torpedo  approached 
the  ship.  He  called  out  bearings  as  rapidly  as  possible. 
'These  data  and  time  intervals  were  recorded.  Par¬ 
ticular  note  was  made  of  the  time  at  which  the  lower¬ 
ing  pitch  of  the  propeller  whine  indicated  the  end  of 
the  run.  Records  were  kept  during  the  torpedo  run 
by  mtiking  photographs  of  the  remote  PPI  scope, 
whic  h  had  been  set  up  in  the  ship’s  laboratory  room 
for  this  purpose.  'Torpedo  ranges  in  all  cases  were  cal¬ 
culated  from  the  known  speed  of  the  torpedo  and 
from  the  time  it  was  under  observation  both  before 
and  after  it  crossed  the  target -ship’s  track.  In  all,  27 
firings  were  observed  during  July  and  August. 

The  following  are  some  of  the  conclusions  drawn 
from  the  tests: 

1.  All  the  torpedoes  were  detected  on  approach 
except  one  which  was  fired  from  almost  directly 
astern.  This  was  not  noted  until  it  had  passed  the 
ship. 

2.  In  some  cases  the  firing  time  recorded  from  the 
bridge  observation  post  was  earlier  than  that  ob¬ 
tained  from  the  sonar  gear,  but  the  reverse  was  more 
frequently  true. 

3.  Initial  detection  occurred  at  ranges  up  to  ap¬ 
proximately  3,400  yards. 

4.  The  tests  indicate  that  QH  sonar  on  a  target 
ship  may  be  useful  for  scoring  of  torpedo  firing  tests 
whether  day  or  night. 

5.  The  chance  of  evading  a  torpedo  after  it  is  de¬ 
tected  by  QH  sonar  can  be  estimated  from  the  time 
required  for  the  ship  to  answer  its  helm,  in  relation 
to  the  time  lapse  between  initial  detection  on  the 
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PPI  screen  and  the  arrival  of  the  torpedo  at  ship’s 
track. 

6.  The  information  from  these  tests  suggested  the 
possible  application  of  QH  gear  to  counter-mining  or 
disabling  approaching  torpedoes  before  they  reach 
the  target.19 

5.2.5  Model  2  CR  Scanning  Sonar 

In  September  1944,  the  QH  Model  1  was  removed 
from  the  USS  Cythera  and  Model  2  was  placed 
aboard.  This  was  essentially  the  same  type  of  system 
but  was  to  be  the  prototype  for  the  Sangamo  Electric 
Company’s  XQHA  scanning  sonar.  A  block  diagram 
is  given  in  Figure  7.  The  main  difference  between 
Model  1  and  Model  2  was  in  the  use  of  a  48-element 
transducer  and  two  48-element  commutators.  At  the 
beginning,  the  48-element  transducer  was  unavail¬ 
able,  and  the  HP-2B,  the  rebuilt  HP-2,  was  installed 
in  its  place.  The  principal  differences  between  Model 
2  and  Model  1  were  for  convenience  and  the  incor¬ 
poration  of  circuits  found  desirable  in  Model  1. 

The  sweep  circuit,  instead  of  being  electronically 
controlled,  was  controlled  by  a  mechanical  timer  de¬ 
vice  using  a  synchronous  motor.  The  range  was  read 
from  a  chemical  recorder  connected  into  the  listen¬ 
ing  receiver.  A  circuit  for  recorder  keying  of  the 
timing  circuits  was  incorporated,  but  provision  was 
also  made  for  automatic  keying  when  the  recorder 


was  disconnected.  The  console  had  an  MTB  indi¬ 
cation  for  training  the  listening  rotor  through  syn¬ 
chro  connection  to  the  ship’s  gyrocompass  on  the  true 
bearing  of  a  target.  There  was  also  a  true-bearing  dial 
mounted  around  the  outside  of  the  PPI.  The  listen¬ 
ing  rotor  position  was  controlled  by  the  position  of 
the  bearing  cursor  on  the  PPI  rather  than  by  a  sep¬ 
arate  control.  Unicontrol  of  frequency  through  the 
whole  system  was  secured  by  control  of  the  hetero¬ 
dyning  frequency:  a  single  control  adjusted  the  het¬ 
erodyne  frequency  of  the  listening  receiver,  scanning 
receiver,  and  transmitter.  The  remote  PPI  had  a  true- 
bearing  dial  and  a  speaker  which  was  connected  to 
the  listening  channel.  Hand  keying  for  communica¬ 
tion  and  a  new  choke  box  and  transfer  network  em¬ 
ploying  only  one  transmit-receive  relay  were  in¬ 
stalled. 

In  October  some  tests  were  made  on  QH  Model  2 
to  determine  the  maximum  discovery  range  using  a 
triplane  target.  Taking  an  average  of  three  runs,  this 
appeared  to  be  about  2,500  yards.  Echoes  were  ob¬ 
tained  from  passing  ships  up  to  ranges  of  2,200  yards. 
Propeller  noise  from  many  of  these  ships  was  ob¬ 
served  at  an  estimated  range  of  4,500  yards.  The  aver¬ 
age  figure  of  merit,  with  the  ship  docked,  varied  from 
137  to  142  db  on  the  scanning  channel,  and  from  147 
to  152  db  on  the  listening  channel.  With  a  submarine 
target,  good  echoes  were  obtained  at  ranges  varying 
from  2,500  to  3,200  yards. 
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Speed  of  USS  CYTHERA-io  knots 

Figure  8.  Variation  of  figure  of  merit  with  speed,  QH 
Model  2  scanning  sonar. 


During  one  series  of  tests,  the  figure  of  merit  was 
measured  at  0,  6,  8,  9i/2,  and  1 1  knots.  The  dynamic 
monitor  injected  a  signal  into  the  installed  monitor 
hydrophone  B19H  No.  9  so  that  the  echo  appeared 
on  the  PPI  screen  at  a  relative  bearing  of  341  degrees 
and  a  range  of  2,750  yards.  These  data21  were  taken 
in  sea  state  1  with  transducer  HP-2B  without  a  dome, 
and  are  plotted  in  Figure  8. 

During  January  and  part  of  February  1945  the  QH 
Model  2  was  transferred  from  the  USS  Cythera  to 
the  USS  Babbitt  and  a  standard  100-inch  dome 
placed  around  the  transducer.  A  change  was  made  in 
the  receiver  gain  control  system  so  that  TVG,  AVC, 
and  RCG  could  be  varied  by  the  operator.  A  bearing 
deviation  indicator  [BDI]  was  installed  on  the  listen¬ 
ing  channel  after  a  double  lag  line  was  incorporated 
in  the  listening  rotor  but,  because  of  imperfections 
of  the  Model  2,  it  was  unsuccessful.  Later  BDI  was 
successfully  used  with  the  Sangamo  Model  XQHA. 

In  March  1945  the  USS  Babbitt  with  the  HUSL 
Model  2  QH  sonar  installation  was  taken  to  New 
London  where  several  tests  of  its  operation  with  a 
submarine  target  were  made.  The  results  indicated 
that  at  speeds  up  to  23  knots  a  submarine  at  peri¬ 
scope  depth  was  detectable  at  about  2,000  yards, 
while  at  25  knots  the  range  was  about  1,000  yards, 
and  at  28  knots,  about  500  yards.22  At  15  to  20  knots, 
where  ranges  of  2,000  yards  were  observed,  propeller 
noise  of  the  submarine  was  detectable  at  7,800  yards, 
but  there  was  no  indication  on  the  PPI.2:i 

During  April  an  attempt  was  made  to  determine 
the  interference  resulting  from  the  operation  of  scan¬ 
ning  sonar  at  various  frequencies  by  two  ships  in 
close  proximity.  The  second  ship,  the  USS  Galaxy, 
was  equipped  with  the  Sangamo  Model  XQHA 


sonar,  Serial  No.  1.  Various  runs  were  made  with  the 
USS  Babbitt  following  a  zigzag  course  which  varied 
her  range  to  the  USS  Galaxy  from  4,000  yards  to  300 
or  400  yards,  while  the  latter  ship  maintained  a 
straight  course  at  constant  speed.  The  two  ships  used 
signal  frequencies  between  24  kc  and  28  kc.  Interfer¬ 
ence  was  considered  to  exist  when  the  Babbitt’s  sig¬ 
nal  became  strong  enough  to  produce  brightening  on 
the  minor  lobes  of  the  Galaxy’s  XQHA  gear.  The  re¬ 
sults  are  given  in  Figure  9. 21 

Several  demonstrations  were  made  for  interested 
personnel  while  QH  Model  2  was  aboard.  In  the  lat¬ 
ter  part  of  April  this  system  was  removed  from  the 
USS  Babbitt  and  Sangamo  Model  XQHA  scanning 
sonar  Serial  No.  3  was  installed. 


5  26  XQHA  System 

A  description  of  the  Sangamo  XQHA  scanning 
sonar  has  been  given  at  the  beginning  of  this  chapter 
and  a  much  more  complete  description  is  available 
in  the  instruction  book.1  The  transducer  design  fol¬ 
lowed  closely  that  of  the  HUSL  HP-3  design,  al¬ 
though  there  were  some  minor  mechanical  changes. 
The  mechanical  design  of  the  commutator  disks  was 
carefully  worked  out  to  permit  maintenance  of  close 
tolerances.  Provision  was  made  in  the  beam-forming 
lag  line  design  to  allow  application  of  BDI  to  the 
listening  channel.  A  compact  mounting  arrangement 
of  the  commutators  permitted  their  placement  in  one 
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Figure  9.  Interference  ranges  with  two  CR  scanning 
sonar  systems. 
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cabinet  with  the  junction  box  components,  the  pre¬ 
amplifiers,  servo  amplifier,  and  the  two-channel  uni¬ 
control  receiver.  All  components  were  designed  with 
Navy  standards  and  Service  requirements  in  mind. 

Four  Model  XQHA  scanning  sonars  were  built  by 
the  Sangamo  Electric  Company,  three  under  con¬ 
tract  with  OSRD  (OEMsr-1288)  and  one  under  con¬ 
tract  with  the  Bureau  of  Ships  (NXsr-46933).  The 
first  transducer,  known  as  Type  HP-5  Serial  1,  was 
sent  to  HUSL  (see  Section  5.3,  “Transducers”).  When 
the  first  commutator  was  completed,  it  too  was  sent 
to  HUSL  and  the  combination  of  transducer  and 
commutator  tested.  Results  were  gratifying:  the  pat¬ 
terns  were  better,  both  in  shape  and  uniformity, 
than  any  obtained  in  the  previous  development 
work.25-a 

After  being  tested  by  HUSL,26  the  Serial  No.  3 
transducer  was  sent  to  the  USRL  measurement  sta¬ 
tion  at  Orlando,  Florida,  where  it  was  assembled 
with  the  remainder  of  the  Serial  No.  2  system  which 
was  shipped  directly  from  the  Sangamo  Electric  Com¬ 
pany.  An  intensive  test  program  had  been  planned 
by  USRL  in  consultation  with  HUSL  engineers  and 
was  carried  out  with  results  confirming  those  ob¬ 
tained  on  the  first  transducer  and  commutator  at 
HUSL.27  Particular  attention  was  paid  in  both  these 
sets  of  tests  to  variations  in  the  shape  of  the  receiving 
pattern  as  the  commutator  plates  moved  from  one 
“in-register”  position  to  the  next.  Systematic  changes 
were  found,  but  considered  too  insignificant  to  have 
an  appreciable  effect  on  the  accuracy  of  bearing  de¬ 
termination.  Nevertheless,  study  of  methods  for  im¬ 
provement  was  stimulated. 

Following  tests  at  Orlando,  the  Serial  No.  2  sys¬ 
tem  was  shipped  to  San  Diego  for  operating  tests  in 
locating  small  objects  by  the  University  of  California 
Division  of  War  Research  [UCDWR],  Subsequently 
it  was  returned  to  the  Sangamo  Electric  Company  for 
incorporating  improvements  developed  after  its  ori¬ 
ginal  construction,  and  it  was  then  sent  to  the  USRL 
measurement  station  at  Mountain  Lakes,  New  Jer¬ 
sey,  for  further  qualitative  tests.  To  aid  in  making 
these  tests,  signal  simulator  equipment,  originally 
built  at  HUSL  for  laboratory  testing  of  scanning 
sonar  components,  was  also  sent  to  Mountain  Lakes. 
This  equipment  as  originally  developed  had  been 
applied  to  the  Sangamo  attack  teacher  QFA-5  to  per¬ 
mit  simulation  of  scanning  sonar  attack  procedures, 
but  was  superseded  by  a  simulator  unit,  Type  2,  part 
of  the  complete  setup  known  as  OTE-5.28 


The  third  and  fourth  Sangamo  HP-5  transducers 
were  sent  to  HUSL  for  tests,  with  representatives  of 
the  Sangamo  Electric  Company  assisting.  Having 
proved  satisfactory,26  Serial  No.  4, 29  was  installed  on 
the  USS  Semmes,  under  supervision  of  Sangamo  Elec¬ 
tric  Company  representatives,  as  part  of  the  Serial 
No.  4  system  contracted  for  by  the  Bureau  of  Ships. 
The  Serial  No.  2  HP-5  transducer  was  installed  on 
the  USS  Babbitt,  as  part  of  the  Serial  No.  3  system, 
the  work  being  supervised  by  HUSL  engineers.  In 
each  of  these  installations  the  transducer  was  pro¬ 
tected  by  a  1 00-inch  streamlined  dome  originally  de¬ 
signed  for  the  QGA  searchlight-type  sonar. 

Model  XQHA  scanning  sonar  Serial  No.  1,  whose 
transducer  had  been  the  first  tested  at  HUSL,  was  in¬ 
stalled  on  the  USS  Galaxy,  to  provide  facilities  for 
further  development  and  improvement,  as  well  as 
for  quantitative  tests.  There  were  two  nonstandard 
features  that  required  preliminary  checking.  The 
first  was  the  absence  of  a  dome  to  protect  the  trans¬ 
ducer.  It  was  believed  that  for  the  12-knot  maxi¬ 
mum  speed  of  the  USS  Galaxy  a  series  of  nine  nickel 
bands  about  the  boot  were  adequate  to  avoid  its 
being  pulled  away  from  the  elements.  The  second 
nonstandard  feature  was  the  unusually  long  cable 
of  1 10  feet  instead  of  45  feet  to  the  transducer,  which 
was  required  for  convenient  installation  of  the  re¬ 
mainder  of  the  system.  Neither  the  banding  nor  the 
extra-long  cable  produced  deleterious  effects  on  pat¬ 
tern  formation  or  sensitivity.25  After  installation,  in¬ 
tensive  tests  were  carried  out  to  determine  the  de¬ 
tailed  performance  characteristics  of  the  system.30-32 

Later,  the  USS  Galaxy  went  to  New  London  for 
operating  tests  with  a  submarine  target  under  con¬ 
ditions  of  interference  from  the  QH  Model  2  scan¬ 
ning  sonar  then  still  on  the  USS  Babbitt.  These  tests 
were  made  under  the  supervision  of  a  representative 
of  the  Bureau  of  Ships,  and  with  the  cooperation  of 
HUSL  personnel.  Quantitative  data  were  also  ob¬ 
tained  on  the  average  target  strength  of  the  submar¬ 
ine  target  as  a  function  of  range  and  were  found  to 
agree  well  with  the  value  expected  from  previous 
measurements  (see  Chapter  3). 33 

The  first  modification  of  the  Serial  No.  1  system 
on  the  USS  Galaxy  was  for  BDI  operation.  A  dual¬ 
channel  preamplifier  had  been  built  and  tested.34-  33 
This  was  installed  and  a  series  of  measurements  made 
to  define  the  BDI  performance.36-  37  It  had  been  ex¬ 
pected  that  the  pattern  distortions  in  the  commuta¬ 
tor  interregister  positions  might  introduce  serious 
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BDI  errors,  but  these  actually  proved  very  small.  In 
fact,  only  by  the  most  refined  techniques  could  the 
resulting  BDI  errors  be  measured  accurately,  as  they 
were  generally  less  than  a  half-degree. 

The  use  of  a  100-inch  dome  with  the  XQHA  Serial 
No.  3  scanning  sonar  on  the  USS  Babbitt  was  for 
making  operating  tests  at  high  ship  speeds.  Follow¬ 
ing  a  series  of  quantitative  tests  to  insure  perform¬ 
ance  equivalent  to  that  of  XQHA  Serial  No.  1  on 
the  USS  Galaxy,33  a  series  of  noise  measurements 
was  made  at  different  speeds.  These  were  made  under 
the  direction  of  a  representative  of  the  Bureau  of 
Ships.  While  showing  a  steady  deterioration  of  the 
figure  of  merit  with  increased  speed,  they  indicated 
that  satisfactory  operation  with  this  dome  was  pos¬ 
sible  to  something  over  20  knots.22' 23- 39  These  results 
were  of  particular  interest  in  connection  with  plans 
for  the  integrated  sonar  systems  described  in  Chap¬ 
ter  6. 

XQHA  Serial  No.  4,  which  was  installed  on  the 
USS  Semmes,  was  tested  by  representatives  of  the 
Bureau  of  Ships  and,  after  some  minor  difficulties,  it 
performed  as  well  as  the  other  systems. 

Two  other  HP-5  transducers  were  built  by  the 
Sangamo  Electric  Company  during  the  spring  of 
1945.  The  main  structure  of  HP-5  Serial  No.  5  was 
strengthened  and  modified  to  be  part  of  the  inte¬ 
grated  Type  B  sonar,  as  described  in  Chapter  6. 
After  satisfactory  tests  of  performance,40  it  was  set 
aside  awaiting  its  intended  use.  HP-5  Serial  No.  6 
was  an  experimental  unit  constructed  for  answering 
several  questions  on  manufacturing  tolerances.  After 
testing,  this  unit41  was  returned  to  the  Sangamo 
Electric  Company. 

5  3  TRANSDUCERS  FOR  CR  SONAR 
5-3,1  Medusa 

The  primary  aim  in  construction  of  the  first  trans¬ 
ducer  (Medusa)  was  to  prove  that  a  directive  receiv¬ 
ing  beam  of  sensitivity  could  actually  be  rotated  in 
the  water.  It  accordingly  designed  for  simplicity 
of  construction,  broadness  of  resonance,  and  econom¬ 
ical  use  of  nickel  (which  was  then  considered  a  factor 
of  importance).  A  sketch  of  this  transducer  is  shown 
in  Figure  10.  Its  active  elements  were  arched  shells  of 
thin  nickel  soldered  to  a  i/g-inch  thick  bronze  cylin¬ 
der,  and  wound  in  pairs  as  shown  in  Figure  11,  such 
an  arrangement  having  proved  reasonably  satisfac- 


I'lci'RK  10.  Assembly  view  of  Medusa  transducer. 


tory  in  an  early  sound  gear  monitor  [SGM]  trans¬ 
ducer  known  as  the  Type  S-3.42  Polarization  was  by 
remanent  magnetism  induced  by  passing  a  heavy  cur¬ 
rent  through  the  windings.  There  were  36  elements 
arranged  on  a  12-inch  circle.  From  each  of  these  a 
shielded  pair  was  brought  out  separately,  and  the 
36  lead  pairs  were  then  bunched  into  a  cable  for 
connection  to  the  commutator. 

Measurements  on  Medusa  were  made  in  October 
1942.  They  showed  that  the  performance  of  the  indi¬ 
vidual  elements  varied  considerably  from  one  to 
another.  It  was  therefore  not  surprising  that  the  pat¬ 
terns  formed  in  conjunction  with  the  commutator 
were  not  very  good.  "Fable  1  summarizes  the  results 
of  pattern  measurements  made  by  turning  the  com¬ 
mutator  while  holding  the  transducer  stationary.2' 43 
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Table  1.  Compensated  Pattern  Characteristics  Measured 
with  Medusa. 


Frequency 

(kc) 

No.  of 
mike 
element 
toward 
sound 

source 

Approx, 
width 
in  degrees 
of  main  lobe 
(6  db  down) 

Minor  lobe 
below 
major  lobe 
(db) 

Relative 
sensitivity 
of  major 
lobe  (db) 

14 

0 

72 

12 

0 

9 

36 

10 

-6 

18 

78 

10 

-7 

27 

62 

3 

-6 

20 

0 

44 

8 

0 

9 

42 

10 

-2 

18 

45 

10 

+  1 

27 

57 

6 

-3 

25 

0 

27 

1 

0 

9 

27 

6 

-5 

18 

39 

11 

+  3 

27 

44 

5 

+  2 

5.3.2  HP-1 

In  view  of  the  inherent  difficulties  and  limitations 
associated  with  the  arrangement  used  in  Medusa,  a 
design  adapting  the  principle  of  the  asymmetrical 
laminated  magnetostriction  stack42  to  cylindrical 
form  was  developed.  The  36  elements  were  individu¬ 
ally  made  up  of  stacks  12  inches  high,  their  lamina¬ 
tions  having  the  form  shown  in  Figure  12,  and  ar¬ 
ranged  on  a  15-inch  diameter  face  circle.  The  lamina¬ 
tions,  which  were  of  0.005-inch  oxide-annealed  nickel, 
were  consolidated  with  a  synthetic  resin  adhesive, 
and  the  resulting  solid  stacks  were  wound  through 
slots  with  a  single  winding  that  carried  both  the  d-c 
polarizing  current  and  the  a-c  signal  current.  Since 
current  polarization  was  used,  transmission  at  high 
power  was  possible.  It  was  expected  that  such  stacks 
could  be  individually  tested  before  assembly  into  the 
transducer  in  order  to  insure  uniformity,  and  that 
the  resulting  transducer  would  be  adequately  strong 
and  durable. 

In  the  original  design  it  was  expected  that  the 
stacks  would  be  directly  exposed  to  the  water.  The 
elements  operated  as  free  resonators,  with  greater 
motion  at  the  light  outer  end  than  at  the  heavy  inner 
end,  the  motion  of  the  lighter  outer  end  producing 
useful  radiation  into  the  water.  To  allow  direct  im¬ 
mersion,  the  windings  were  made  of  wire  with  heavy 
impervious  (Gencaseal)  insulation.  Figure  13  shows 
four  stacks  so  wound.  Cast  end  caps  were  provided  to 


form  a  smooth  surface  over  which  to  bend  the  wire, 
and  to  aid  in  mounting  the  stacks.  Preliminary  tests 
on  stacks  wound  in  this  manner  showed  satisfactory 
insulation  resistance,  as  well  as  gratifying  efficiency 
and  uniformity.  However,  when  a  complete  trans¬ 
ducer  was  assembled  from  such  stacks,  gradual  de¬ 
terioration  of  insulation  resistance  was  observed.  It 
was  almost  impossible  to  wind  the  wire  with  sufficient 
care  to  avoid  damage  to  the  insulation. 

Because  of  the  troubles  with  winding  insulation, 
it  was  decided  to  immerse  the  stacks  in  castor  oil  con¬ 
tained  in  a  rubber  boot.  A  design  to  permit  this  was 
worked  out,  and  is  shown  in  Figure  14.  The  72  leads 
from  the  36  elements  came  out  of  the  oiltight  com¬ 
partment  through  individual  water  seals  to  a  termi¬ 
nal  board,  and  to  this  terminal  board  were  fastened 
the  wires  of  two  36-conductor  cables.  An  early  stage 
of  the  assembly  is  shown  in  Figure  15.  After  assembly 
with  the  boot,  the  stack  compartment  was  vacuum- 
filled  with  castor  oil.  To  prevent  bulging,  wire  bind¬ 
ings  were  applied  to  the  boot,  as  may  be  seen  in  the 
assembled  view  in  Figure  16. 

Measurements  on  the  completed  transducer  show 
good  uniformity  of  elements,  in  both  sensitivity  and 


Figure  11.  Single  Element  of  Medusa. 
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Fici'rk  12.  HIM  lamination. 


pattern.44  With  all  elements  in  parallel,  the  fre¬ 
quency  response  in  transmission  was  as  shown  in 
Figure  17.  The  double-peaked  response  was  due  10 
coupled  modes  of  vibration  which  were  unavoidable 
with  the  three-leg  design  of  the  lamination.  From  a 
vertical  transmission  pattern,  as  given  in  Figure  18, 
a  directivity  ratio  of  0.1 3  was  calculated.  Calculations 
indicated  an  efficiency  of  11.4  per  cent  at  the  21-kc 
resonance— a  value  lower  than  expected  from  pre¬ 
liminary  tests  on  the  individual  stacks,  but  adequate 
for  echo-ranging  purposes.  In  fact,  in  view  of  its 
broad  response,  it  compared  favorably  with  current 
designs  of  searchlight-type  sonar  transducers.  Imped¬ 


ance  measurements  showed  the  average  individual 
slack  impedance  to  be  21  +  67  ohms. 

With  a  beam-forming  lag  line  designed  to  compen¬ 
sate  10  elements,  this  transducer  gave  patterns  of  the 
form  shown  in  Figure  19,  which  is  an  average  pat¬ 
tern;  some  were  better,  some  poorer.  Such  patterns 
were  considered  reasonably  satisfactory  for  scanning 
sonar  service,  and  this  transducer  gave  satisfactory 
performance. 

In  order  to  provide  polarizing  current  during  both 
the  transmitting  and  receiving  periods,  with  the  ele¬ 
ments  acting  individually  in  reception,  a  separate 
feeding  choke  and  blocking  capacitor  were  provided 
for  each  element.  In  this,  as  in  all  later  systems,  where 
a  single  transducer  is  used  for  transmission  and  re¬ 
ception,  a  transfer  or  change-over  network  is  neces¬ 
sary.  The  change-over  mechanism  was  initially  a  set 
of  multiple  contact  relays  which  were  closed  by  a 
keying  pulse  originating  in  the  sweep  circuit.4'  To 
insure  that  the  transmitter  did  not  ping  while  any 
relay  bank  was  in  the  wrong  position,  a  set  of  con¬ 
tacts  on  each  bank  was  wired  in  scries  with  the  key¬ 
ing  control  circuit.  These  relays  were  rather  large 
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Figure  14.  Assembly  drawing  of  HP-1  transducer. 


Figure  15.  Partial  assembly  view  of  HP-1  transducer. 


and  were  later  replaced  by  a  smaller  telephone  type 
of  relay. 

The  use  of  relays  in  sound  gear,  if  it  were  possible 
to  use  other  schemes,  was  undesirable  because  they 
often  required  maintenance,  especially  those  with 
many  contacts.  Circuits  for  eliminating  the  relays  or 
reducing  their  complexity  were  suggested.  One  idea 
tested  involved  the  use  of  disks  made  of  thyrite,  a 
material  whose  resistance  decreases  rapidly  with  in¬ 
creased  voltage.  Because  the  receiver  input  voltages 
were  very  low  (of  the  order  of  microvolts)  and  the 
transmitter  output  is  high  (of  the  order  of  100  volts 
or  more),  the  introduction  of  thyrite  permitted  the 
transfer  operation  without  relays.  Such  a  circuit  is 
shown  in  Figure  20.  T1  to  T36  are  the  magnetostric¬ 
tion-type  transducer  elements.  To  provide  a  d-c  po¬ 
larizing  current  which  was  not  excessive,  pairs  of 
transducer  elements  were  fed  in  series.  A  series-reso¬ 
nant  circuit  was  formed  by  each  26-mh  coil  and  a 
thyrite  unit,  the  latter  having  a  capacitance  of  1,500 
lift. f.  Trimmer  capacitors  compensated  for  variations 
in  thyrite  capacitances  and  choke  inductance.  Dur¬ 
ing  reception,  when  potential  across  the  thyrite  disks 


Figure  16.  Assembled  view  of  HP-1  transducer. 
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Fk.i'rk  17.  Frequency  response  in  transmission,  HI’-l 
transducer. 

was  a  few  microvolts,  resistance  was  high  and  each 
series-resonant  circuit  coupled  its  transducer  cle¬ 
ment  to  a  commutator  stator  plate,  as  well  as  effect¬ 
ing  an  impedance  transfer.  During  transmission  re¬ 
sistance  dropped  to  a  very  low  value,  effectively 
grounding  the  thyrite  end  of  the  26-nth  chokes.  Be¬ 
cause  the  impedance  of  the  26-mh  chokes  was  high, 
little  transmitting  power  was  lost  in  the  disks.  More¬ 
over,  very  little  voltage  appeared  across  the  thyrite 
disks,  so  that  the  receiver  circuits  were  protected. 

The  circuit  performed  as  expected,  but  because 
the  capacitance  and  resistance  of  the  thyrite  ele¬ 


ments  varied,  the  process  of  selecting  suitable  units— 
those  whose  capacitances  and  resistances  were  nearly 
alike— caused  the  rejection  of  a  large  percentage  of 
units.  Another  disadvantage  was  that  change  in  the 
frequency  of  operation  was  not  practical  because  of 
the  high  Q  of  the  series  circuit.  These  disadvantages 
made  this  circuit  unsatisfactory  for  production  de¬ 
vices. 

A  later  transfer-circuit  development,  shown  in  Fig¬ 
ure  21,  used  a  single  relay  for  the  change-over  from 
transmission  to  reception.  In  reception,  one  contact 
grounded  the  high  side  of  the  transmitter  output, 
thus  putting  the  blocking  capacitors  in  parallel  with 
the  transducer  elements,  and  another  contact 
grounded  the  common  low  side  of  all  the  commuta¬ 
tor  input  transformer  primaries.  During  transmission 
both  grounds  were  removed,  and  the  transmitter  fed 
all  the  transducer  elements  in  parallel  through  the 
individual  blocking  capacitors  in  series  connection. 
Since  the  ground  return  of  the  commutator  input 
transformer  primaries  was  broken,  they  floated  at 
transducer-element  potential.  This  circuit  prosed 
very  satisfactory  and  was  used  with  all  subsequent 
transducers.  In  later  transducers  not  requiring  a 
polarizing  current  the  d-c  feeding  chokes  were  omit¬ 
ted,  but  the  blocking  capacitors  retained  because  of 
their  transfer  network  function. 

After  being  in  use  for  over  a  year  the  HP-1  trans¬ 
ducer  was  completely  reconditioned  by  incorporat¬ 
ing  design  improvements.  New  windings  were  put  on 
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Figure  20.  Send-receive  network  using  thyrite. 


Figure  21.  Transfer  network  used  with  HP-1. 


sion  measurements  indicated  an  efficiency  of  32  per 
cent  at  20.7  kc.46 

533  HP-2  and  HP-2B 

Plans  for  the  QH  Model  2  scanning  sonar  included 
a  new  transducer  which  would  be  an  improvement 
over  HP-1 .  Improved  directivity  in  both  transmission 
and  reception  was  accomplished  by  increasing  both 
the  diameter  and  length  to  18  inches.  In  addition,  re¬ 
placement  of  individual  elements  was  provided  by 
sealing  each  into  a  separately  removable  container. 
To  increase  the  efficiency,  the  liquid  filling  was  aban¬ 
doned,  and  only  the  active  face  was  loaded.  The  asym- 


Figure  22.  HP-2  lamination. 
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metrical  laminated  stack  design  used  in  HIM  was  re¬ 
tained,  but,  in  order  to  simplify  winding  and  avoid 
multiple  resonances,  the  two-leg  lamination  shown 


in  Figure  22  was  adopted.  Polarization  was  still  by  a 
d-c  component  through  the  windings.  An  assembly 
drawing  of  this  transducer  is  shown  in  Figure  23. 

The  laminations  were  of  0.01 0-inch  oxide-annealed 
nickel,  and  consolidated  with  a  synthetic  resin  ad¬ 
hesive  into  stacks  18  inches  high,  then  wound  with  50 
turns  of  solid  enameled  wire  over  pressure-release 
material,  and  inserted  into  stainless  steel  containers 
lined  with  pressure-release  material.  As  indicated  in 
Figure  24,  a  rubber  face  was  cemented  to  the  active 
edges  of  the  laminations,  and  then  to  the  inside  lip 
of  the  container.  Leads  from  the  element  were 
brought  out  through  a  plastic:  seal  in  the  tube.  This 
passed  through  a  water  seal  into  the  interior  of  the 
transducer  frame,  and  there  the  leads  were  attached 
lo  a  terminal  board  that  permitted  easy  connection 
of  the  cables.  The  assembled  transducer  is  shown  in 
Figure  25. 


Figure  24.  Construction  of  canned  element  for  HI*-2  Figure  25.  Assembly  view  of  FIP-2  transducer, 

transducer. 
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Figure  26.  Average  measured  impedance  of  HP-2  ele¬ 
ments. 


Impedance  measurements  on  individual  HP-2  ele¬ 
ments  mounted  in  containers  showed  potential  effi¬ 
ciencies  of  the  order  of  50  per  cent.  Values  of  the  re¬ 
sistive  and  reactive  components  of  the  impedance 
are  given  in  Figure  26  as  a  function  of  polarizing 
current.  Variations  in  impedance  and  sensitivity  of 
the  individual  elements  were  satisfactory,  but  varia¬ 
tions  in  resonant  frequency  were  larger  than  ex¬ 
pected.47  The  distribution  curve  shown  in  Figure  27 
indicated  that  there  were  two  definite  groups.  This 
was  ascribed  to  probable  differences  in  the  consoli¬ 
dating  procedure  that  the  two  contractors  making 
the  stacks  used. 


/ 

v 

( 

I 

1 

T 

j 

j 

T 

L 

j 

\ 

Af 

22.02  kc  ( Operoting  Frequency) 
ma>=1.55  Cycles 

' 

■ 

Wj 

m 

■ 

« 

J 

H 

a 

■ 

n 

7 

■ 

□ 

K 

\ 

m 

3 

_ 

ELEM 

[NTS 

T 

■ 

EE 

Ml 

■ 

IS 

— 

L_ 

kc 

21.80 

.85 

.90 

L 

.95 

E 

22.00 

.05  .10 

□ 

.15 

m 

E9 

m 

g 

ES 

■ 

o 

□ 

— 

f  mox  e«  «  f  res  *  1.02 

Figure  27.  Distribution  of  resonant  frequencies  for  45 
elements  of  HP-2  transducer. 


Figure  28.  Receiving  frequency  response  of  HP-2  trans¬ 
ducer. 


Measurements  on  the  assembled  transducer48 
showed  that  with  all  elements  connected  in  parallel 
the  overall  sensitivity  variation  in  the  azimuthal 
plane  was  about  4  db.  The  frequency  response  is 
given  in  Figure  28,  and  the  vertical  transmitting  pat¬ 
tern  in  Figure  29.  From  this  pattern  the  directivity 
was  figured  to  be  0.075,  and  from  this  the  efficiency 
was  calculated  to  be  about  26  per  cent. 

With  10  elements  compensated  by  an  appropri¬ 
ately  designed  lag  line,  receiving  patterns  of  the  form 
shown  in  Figure  30  were  obtained.49 

With  these  results,  HP-2  was  a  decided  improve¬ 
ment  over  HP-1  from  the  electroacoustical  point  of 
view.  From  the  mechanical  or  service  viewpoint,  how¬ 
ever,  it  was  definitely  unsatisfactory.  It  was  impos¬ 
sible  to  maintain  a  permanently  watertight  bond  be¬ 
tween  the  rubber  faces  and  the  containers,  and  this 
transducer  was  redesigned,  using  the  castor-oil-filled 
rubber-boot  construction  that  had  proved  satisfac¬ 
tory  in  the  reconstruction  of  HP-1.  An  assembly 
drawing  of  the  reconstructed  HP-2  transducer,  which 
was  known  as  HP-2B,  is  shown  in  Figure  31.  Trans- 


Figure  29.  Vertical  transmitting  pattern  of  HP-2  trans¬ 
ducer  (22  kc). 
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Fku  re  30.  Average  receiving  directivity  pattern  with  10 
elements  compensated,  HP-2  transducer  (22  kc). 


mission  measurements40  showed  that  the  efficiency 
was  now  about  33  per  cent. 

The  HP-2B  transducer  was  installed  as  part  of  the 
QH  Model  2  scanning  sonar  on  USS  Cytiiera  at  New 
London,  and  further  measurements  were  made  on 
board,  using  the  installed  sound  gear  monitor  [ISGM] 
transducer/’0  An  azimuthal  transmitting  pattern  is 
given  in  Figure  32  showing  a  variation  of  about  ±1.3 
db.  A  typical  receiving  pattern  taken  with  10  ele¬ 
ments  compensated  is  shown  in  Figure  33,  the  rotor 
being  turned.  A  similar  pattern  with  the  rotor  sta¬ 
tionary  while  the  transducer  was  turned  is  shown  in 
Figure  34. 

The  HP-2B  transducer  was  used  in  the  QFf  Model 
2  scanning  sonar  with  a  transfer  network  essentially 
the  same  as  that  shown  in  Figure  21.  While  there  was 
some  variation  among  the  elements  of  the  transducer, 
even  greater  variations  were  introduced  by  the  d-c 
chokes  and  isolating  capacitors  in  the  transfer  net¬ 
work,  which  also  absorbed  about  half  of  the  power 
supplied  by  the  transmitter.  This  led  to  the  develop¬ 
ment  of  permanent-magnet-polarized  transducers. 

5.3.4  HP-3 

FIP-1  and  FfP-2  required  a  d-c  component  in  the 
windings  for  adequate  polarization,  but  the  unde¬ 
sirability  of  this  was  recognized  early  and  research 


toward  achieving  permancnt-magnct-polarization  of 
the  HP  type  of  asymmetrical  magnetostriction  lami¬ 
nation  had  begun.  When,  as  a  result  of  satisfactory 
demonstrations  of  the  QH  Model  2  scanning  sonar 
on  the  USS  Cythicra,  the  development  of  a  prototype 
transducer  became  necessary,  the  FIP-3  design  was 
developed.  After  small-scale  tests  at  FIUSL  on  sample 
elements  using  sintered  oxide  magnets,  the  Sangamo 
Electric  Company  adopted  the  design  for  its  HP-5 
transducer.  While  the  HP-3  transducer  was  originally 
intended  for  a  prototype  model,  the  Sangamo  HP-5 
was  actually  completed  first,  and  the  HP-3  lamina- 


Fic.ure  31.  Assembly  drawing  of  HP-2B  transducer. 
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tion  was  used  for  experimental  purposes  in  the  HP- 
38  transducer  (see  Chapter  7),  and  in  the  HP-3DS 
transducer  (see  Chapter  6). 


Figure  32.  Horizontal  transmitting  pattern,  HP-2B 
transducer  (22  kc). 


An  outline  of  the  HP-3  lamination  is  shown  in 
Figure  35.  While  this  lamination  followed  the  gen¬ 
eral  two-leg  design  of  the  HP-2  lamination,  a  slot  was 
provided  in  the  heavy  end  to  accommodate  a  loosely 
fitting,  transversely  magnetized,  sintered  oxide  mag¬ 
net.  These  laminations  were  consolidated  with  syn¬ 
thetic  resin  adhesive  into  stacks  approximately  3^4 
inches  high,  and  were  wound  with  enameled  wire 
over  pressure-release  material.  (The  presence  of  the 
slot  greatly  facilitated  this  operation.)  The  magnets 
were  then  inserted  and  magnetized  in  place. 

The  HP-1  and  HP-2  transducers  had  36  elements. 
In  order  to  reduce  the  spurious  sensitivity  in  the 
neighborhood  of  1 10  and  250  degrees  (see  Figure  30), 
theory  indicated  that  the  face  width  should  be  no 
greater  than  a  half  wavelength.  The  only  way  to  keep 
the  face  width  down  to  this  dimension  while  keeping 
the  beam  narrow  was  to  use  more  than  36  elements, 
and  the  HP-3  lamination  was  accordingly  designed 
with  48  elements  in  the  complete  circle. 

No  vertical  shading  had  been  used  in  HP-1  and 
HP-2,  and  their  vertical  directivity  patterns  were 
essentially  those  of  line  sources,  with  first  minor 
lobes  only  13  db  down.  For  investigating  the  practi¬ 
cability  of  simple  shading  in  reducing  these  minor 
lobes,  the  HP-3  transducer  was  designed  with  each 
vertical  stave  (or  element)  composed  of  four  of  the 
unit’s  3^4-inch  stacks.  Experiments  with  sample 


Figure  33.  Typical  receiving  directivity  pattern  with  10  Figure  34.  Typical  receiving  directivity  pattern  with  10 

elements  compensated,  commutator  rotated,  HP-2B  elements  compensated,  transducer  rotated,  HP-2B  trans- 

(22  kc).  ducer  (22  kc). 
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staves  showed  that  a  useful  reduction  in  the  minor 
lobe  amplitudes  could  be  obtained  by  exciting  in 
the  ratio  l:2:2:l.5,-na 

The  development  of  the  HP-3  lamination  and  the 
design  of  the  HP-3  transducer  arc  covered  in  consid¬ 
erable  detail  elsewhere,42  and  only  a  brief  description 
of  the  transducer  will  be  given  here.  Figure  3G  shows 
the  assembly,  and  Figure  37  a  photograph  of  the 
transducer  before  the  boot  was  applied.  A  rubber 
strip,  fitting  the  curvature  of  the  inside  of  the  boot, 
was  cemented  to  the  active  edges  of  the  laminations 
of  the  four  stacks  forming  each  stave.  When  the 
slightly  undersized  boot  was  applied,  its  tension  held 
it  to  these  strips,  and  good  acoustic  contact  was  as¬ 
sured  by  a  film  of  castor  oil.  A  photograph  of  the 
assembled  transducer  with  boot  in  place  is  shown  in 
Figure  38. 

Extensive  measurements  were  made  to  determine 
the  uniformity  of  the  laminated  stacks  comprising 
the  HP-3  transducer,53  and  it  was  found  that  by 
proper  control  of  the  consolidating  process  and  of  the 
magnetization  of  the  permanent  magnets,  entirely 
satisfactory  uniformity  could  be  achieved.  Tests  of 
the  completed  HP-3  transducer  showed  that  its  per¬ 
formance  was  very  close  to  expectations.52  However, 
since  it  has  not  been  used  in  an  actual  scanning  sonar 
system,  and  since  its  performance  is  similar  to  that  of 


the  Sangamo  HP-5  transducer,  these  tests  will  not  be 
discussed. 

535  HP-5 

When  the  practicability  of  constructing  PM-polar- 
ized  transducer  elements  had  been  demonstrated  at 
HUSL,  the  Sangamo  Electric  Company  began  design 
of  the  HP-5  transducer.  It  followed  closely  that  of  the 
HP-3  transducer,  the  differences  being  mechanical 
rather  than  electrical  or  acoustical,  and  being  di¬ 
rected  particularly  toward  ease  of  construction  for 
quantity  production.  The  lamination  design  was  al¬ 
most  exactly  that  of  the  HP-3  lamination,  but  im¬ 
proved  methods  of  punching,  annealing,  and  consoli¬ 
dating  were  developed  to  reduce  the  amount  of 
handling.  With  the  cooperation  of  HUSL  engineers, 
production  methods  of  testing  the  consolidated  and 
wound  stacks  were  developed,  and  it  was  found  pos¬ 
sible  to  produce  a  highly  uniform  product. 

Figure  39  shows  the  mechanical  design  of  the  HP-5 
transducer.  The  four  stacks  of  a  stave,  which  in  the 
HP-3  had  been  assembled  into  a  unit  stave,  were  here 
mounted  separately,  each  in  its  own  layer.  Because 
their  bakelite  end  caps  were  keyed  into  holes  in  metal 
spacing  rings,  a  very  rigid  assembly  resulted.  Recesses 
in  the  end  caps  permitted  connections  to  the  wind¬ 
ings  after  assembly,  and  a  terminal  board  at  the  bot- 
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tom  allowed  easy  connection  of  the  cable.  A  dia¬ 
phragm  in  the  spool  casting  carried  a  cable  seal,  so 
that  the  transducer  would  be  watertight  independ¬ 
ently  of  mounting.  In  the  model  built  for  the  XQHA 
system  a  special  cable  with  pot-head  seal  was  used. 
The  modified  unit  built  for  the  integrated  Type  B 
sonar  had  standard  Navy  packing  gland  (terminal 
tube)  seals  to  accommodate  an  internally  blocked 
cable  from  the  HP-5  and  also  two  ducts  for  cables 
from  the  depth-scanning  transducer  attached  below 
(see  Chapter  6).  At  the  upper  end  of  the  spool  casting 


were  threaded  studs  and  a  sealing  ring  to  fit  a  12-inch 
QC-type  mounting  flange. 

Figure  40  shows  the  assembled  HP-5  transducer 
for  the  XQHA  scanning  sonar.  The  rubber  boot  is  of 
particular  interest  since  it  was  maintained  in  acoustic 
contact  with  the  elements  by  its  own  tension.  The 
outer  faces  of  the  rubber  strips  cemented  to  the  lam¬ 
inations  were  curved  to  fit,  and  castor  oil  was  intro¬ 
duced  at  assembly  as  a  further  insurance  of  good 
acoustic  contact. 

The  individual  elements  of  the  first  HP-5  trans¬ 
ducer  had  an  average  resonant  frequency  of  25.5  kc; 
their  Q’s  averaged  a  little  over  12.  From  the  varia¬ 
tions  in  resonant  frequency,  the  phase  variations  in 
the  generated  voltages  appeared  to  be  within  the 
range  of  ±5  degrees.  Sensitivities  of  the  individual 
elements  were  within  ±1  db  of  the  average.25'54 


Figure  37.  Assembly  view  o£  HP-3  transducer  without 
boot  (inverted). 
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Figure  38.  Assembly  view  of  Hl’-3  transducer  with  boot. 

Their  admittances  averaged  2.3  +  /f>.  1  millimhos.  A 
typical  horizontal  pattern  of  a  single  element  is 
shown  in  Figure  41.  With  all  elements  connected  in 
parallel,  the  horizontal  directivity  pattern  was  uni¬ 
form  to  ±  1  db.  The  vertical  pattern  is  shown  in  Fig¬ 
ure  42  and  is  representative  of  vertical  patterns  ob¬ 
tained  on  individual  elements. 

The  directivity  ratio  was  0.085,  and  this,  with  the 
sensitivity  of  —103.2  db  vs  1  volt  per  bar  and  the 
impedance  values,  gave  a  receiving  efficiency  of  36 
per  cent.  However,  measurements  of  transmission 
efficiency  gave  considerably  lower  values.  By  the 
spring  of  1945,  six  HP-5  transducers  had  been  con¬ 
structed  and  tested.25’ 2<5'2!’-40’41- 51  All  proved  at  least 
as  good  as  Serial  No.  1,  indicating  that  quantity  pro¬ 
duction  of  transducers  for  scanning  sonar  service  is 
entirely  practical. 

One  unit.  Serial  No.  1,  which  was  installed  on  USS 
Galaxy  without  a  protecting  dome,  was  modified  in 


appearance  from  that  shown  in  Figure  38.  To  insure 
acoustic  contact  despite  water  forces,  nine  thin  nickel 
bands  were  stretched  around  the  boot.  Tests  before 
installation  proved  that  they  had  no  measurable 
effect  on  the  acoustic  performance  of  the  transducer. 

The  transfer  network  used  with  the  HP-5  trans¬ 
ducer  was  similar  to  that  used  with  the  HP-1  and  HP- 
2,  except  that  provision  for  polarizing  current  was 
unnecessary.  The  chokes  supplying  the  polarizing 
current  to  the  transducer  elements  and  the  separate 
transmitter  tuning  inductors  were  omitted.  The  sim¬ 
plified  network  is  shown  in  Figure  43. 

5.3.6  Other  Magnetostriction  Types 

Early  in  the  development  work  on  scanning  sonar, 
work  was  done  toward  developing  magnetostriction 
transducers  that  would  use  less  nickel,  which  was  then 
a  critical  material.  In  the  HP  type  of  design,  only  that 
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Figure  40.  Assembly  view  of  HP-5  transducer. 


small  part  of  the  nickel  in  the  leg  of  the  lamination  is 
working  magrretostrictively,  the  remainder  being 
simply  part  of  the  mechanical  resonator.  Attempts 
were  accordingly  made  to  produce  compound  resona¬ 
tors  in  which  the  use  of  nickel  was  limited  to  the  mag- 


Ficure  41.  Single  element  receiving  pattern,  HP-5 
transducer. 


netostrictive  energy  transformation  function.  The 
remainder  of  the  resonator  was  made  of  a  less  critical 
material,  such  as  steel  or  bronze.  Laminations 
punched  from  a  composite  welded  strip  were  tried 
with  little  success.  An  adaptation  of  the  tube  and 
plate  design,  which  was  widely  used  in  depth-sound¬ 
ing  and  searchlight-type  echo-ranging  sonars,  was  ac¬ 
tually  built  and  tested;55-56’57  however,  it  proved  to 
have  variations  between  elements  that  were  too  great 
to  permit  satisfactory  scanning  sonar  operation.  An¬ 
other  design  using  laminated  nickel  sheets  in  place  of 
the  tubes  was  subject  to  the  same  faults.  These  trans¬ 
ducers  are  discussed  in  detail  elsewhere.42 

5.3.7  Piezoelectric  Types— CPI-1  and 

AX-89 

While  most  of  the  scanning  sonar  was  developed 
with  magnetostriction  transducers,  the  virtues  of 
piezoelectric  transducers  were  always  kept  in  mind, 
and  procurement  of  such  units  from  organizations 
equipped  to  make  them  was  early  initiated.  The  first 
one  obtained  was  made  by  the  University  of  Cali¬ 
fornia  Division  of  War  Research  and  was  known  as 


Figure  42.  Vertical  directivity  pattern,  HP-5  transducer. 
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Figure  43.  Transfer  network  for  HP-5  transducer. 


CPI-1  No.  770.  It  has  36  elements  made  of  X-cut 
Rochelle  salt  crystals.  Impedance  tests  on  the  individ¬ 
ual  elements  showed  fairly  large  variations  from  one 
to  another  and  large  changes  in  the  average  as  a 
function  of  temperature/’8  Although  the  open  circuit 
sensitivities  were  fairly  uniform,  it  was  found  impos¬ 
sible,  because  of  these  variations  in  impedance,  to 
transform  the  high  crystal  generator  impedances 
down  to  values  convenient  for  running  in  cables  and 
feeding  constant  loads  without  introducing  intoler¬ 
able  large  phase  variations.  The  resultant  patterns 
were  accordingly  quite  unsatisfactory , fi0' 01  and  the 
unit  was  never  used  in  any  complete  scanning  system. 

The  second  piezoelectric  transducer  was  the  AX-89, 
made  by  the  Brush  Development  Company.  It  too 
was  a  36-element  unit,  but  used  F-cut  Rochelle  salt 
crystals.  Unfortunately,  it  was  damaged  by  leakage 
before  tests  were  made  on  it.  After  partial  repairs,  the 
unit  was  used  for  a  short  time  as  a  part  of  the  QH 
Model  2  sonar  on  the  USS  Cythera  with  fair  success. 
Measured  pattern  widths  averaged  30  degrees  at  —6 
db.83  Since  22  degrees  had  been  obtained  from  the 
commutator  with  artificial  water,  the  uniformity  of 
the  transducer  was  considered  rather  unsatisfactory. 
A  second  similar  unit  constructed  by  the  Brush  De¬ 
velopment  Company  was  used  only  in  the  ER  scan¬ 
ning  sonar  development  and  its  construction  and  per¬ 
formance  are  described  in  Chapter  7. 

The  transfer  networks  used  with  these  piezoelec¬ 
tric  transducers  were  similar  to  those  used  with  PM- 
polarized  magnetostriction  transducers,  as  may  be 
seen  in  Figure  44.  Because  the  impedance  of  the  pie¬ 
zoelectric  transducer  element  is  high,  a  transformer 
was  inserted  in  the  circuit  to  lower  the  impedance  to 


IMPEDANCE  MATCHING 


NOTE  K a  TWO  SETS  OF  CONTACTS  ON  A  SINGLE  RELAY 
(CLOSED  IN  RECEPTION) 

I'K.iiri:  44.  Transfer  network  for  piezoelectric  transducer. 

permit  cabling  the  leads.  The  installation  of  such 
transformers  in  the  AX-89  transducer  is  shown  in 
Figure  45.  With  the  capacitive  transducer,  coupling 
and  tuning  reactances  had  to  be  opposite  in  sign  to 
those  used  with  the  inductive  magnetostrictive 
elements. 


Fk.ijri.  45.  Impedance  matching  transformers  in  AX-89 
transducer. 
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5.4  COMMUTATORS 

The  design  considerations  and  functional  require¬ 
ments  of  the  commutator  unit  used  with  the  CR  scan¬ 
ning  sonar  have  been  discussed  in  Chapter  2.  It  should 
be  remembered  that  these  requirements  and  design 
criteria  were  not  at  first  evident  but  evolved  through 
experience.  The  developmental  work  was  centered 
almost  exclusively  on  the  capacitive  type  of  commu¬ 
tator  in  order  to  exploit  promptly  the  first  available 
method  which  would  perform  the  required  functions 
for  efficient,  simple,  and  reliable  operation. 

5-41  Inductive  Commutator 

A  second  type  of  electromechanical  commutator, 
the  inductive  type,  was  considered  for  early  scanning 
sonar  development.  The  original  design  called  for  36 
transformers,  each  having  a  stationary  primary  and 
movable  secondary.  The  secondaries  were  to  be 
mounted  on  a  rotor  inside  the  primaries,  with  a  small 
air  gap  between  their  magnetic  cores.  Each  primary 
was  to  be  connected  to  a  transducer  element,  with 
some  of  the  secondary  coils  connected  into  the  lag 
line.  The  cores  were  to  be  built  up  of  thinly  lami- 


STATOR  COILS 


Figure  46.  Sketch  showing  early  inductive  commutator 
design. 


nated  high  mu  material  and  clamped  together  in  a 
brass  supporting  structure.  The  general  design  is 
shown  in  Figure  46. 

Construction  on  an  experimental  model  was 
started  early  in  July  1942,  but  because  of  difficulties 
in  meeting  the  transformer  design  requirements  and 
the  rapid  and  successful  development  of  the  capaci¬ 
tive  commutator,  construction  was  stopped.  The  pos¬ 
sibilities  and  advantages  of  this  type  of  commutator 
are  discussed  in  Chapter  10. 

5-4-2  Design  of  Capacitive  Commutator 
Historical  Account 

First  Cardboard  Commutator.  The  first  capacitive 
commutator  was  a  crude  device  built  in  August  1942. 
Its  chief  purpose  was  to  verify  the  principle  of  smooth 
commutation  for  this  type  of  instrument,  with  par¬ 
ticular  emphasis  on  the  behavior  of  its  output  signal 
in  reference  to  its  input  signal  during  the  process  of 
transfer  from  one  position  of  commutator  segment 
matching  to  another.  The  commutator  consisted  of 
two  circular  cardboard  disks  approximately  8  inches 
in  diameter,  each  having  eight  segments  of  tin  foil 
cemented  to  one  face  as  indicated  in  Figure  47A.  The 
two  disks  or  plates  had  a  common  center  and  faced 
each  other,  with  a  sheet  of  ordinary  typewriter  paper 
between  them  to  serve  as  a  dielectric  and  insulating 
medium. 

In  operation,  a  signal  voltage  was  applied  to  each 
of  the  eight  segments  on  one  plate,  called  the  stator, 
from  a  phasing  network  which  gave  approximately 
90  degrees  phase  displacement  between  the  voltages 
impressed  on  successive  segments.  One  segment  of  the 
second  plate  or  rotor  was  connected  to  one  pair  of 
terminals  of  a  cathode-ray  oscilloscope,  and  a  refer¬ 
ence  voltage  from  the  stator  was  applied  to  the  second 
pair  of  terminals.  As  the  rotor  was  slowly  turned, 
ellipses  were  observed  on  the  CRO,  and  from  these 
the  phase  and  amplitude  of  the  voltage  appearing  on 


Figure  47.  Sketch  of  first  sectored  disk  and  vector  dia¬ 
gram  of  its  rotation. 
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Fiw.’rf.  48.  Assembly  view  of  whirling  dervish  commu¬ 
tator. 

the  rotor  segment  could  be  deduced.  A  vector  plot  of 
this  voltage  is  shown  in  Figure  47B.  The  vector 
equivalent  of  the  voltage  moved  smoothly  through 
the  positions  (a,  b,  c, .  . .  h)  as  the  segment  moved  in 
position  from  directly  above  one  stator  segment  to 
the  position  directly  above  its  neighbor.  Further  ro¬ 
tation  caused  the  vector  to  move  smoothly  to  the  posi¬ 
tions  j,  k,  etc.  Front  this  rather  simple  experiment  it 
was  concluded  that  smooth  rotation  of  a  beam  pat¬ 
tern  was  possible  with  the  capacitive  type  of  commu¬ 
tator,  a  discovery  which  led  directly  to  the  develop¬ 
ment  of  the  capacitive  commutator  at  HUSL. 

The  “ Whirling  Dervish.’’  The  second  capacitive 
commutator  was  more  elaborately  built  and  even¬ 
tually  was  used  for  actual  rotation  of  a  beam  pattern. 
Originally,  it  had  two  flat  plates  12  inches  in  diam¬ 
eter,  which  were  made  of  i/2-inch-thick  glass-base 
bakelite.  On  each  plate,  36  sector-shaped  segments  of 
aluminum  foil  were  cemented  with  equal  spacing 
around  360  degrees.  The  rotor  plate  was  mounted  to 
rotate  around  a  vertical  shaft  centered  in  the  stator 
plate.  The  air  gap  distance  between  the  plates  was 
about  0.038  inch,  giving  a  capacitance  of  about  16  /t/T 
between  the  pairs  of  capacitor  segments. 

All  the  rotor  segments  were  connected  through  1- 
megohm  resistors  to  ground,  except  that  an  addi¬ 
tional  connection  was  made  from  one  segment  to  the 


input  circuit  of  a  CRO.  Again,  tests  showed  that  the 
rate  of  change  of  phase  of  the  voltage  appearing  on 
this  segment  was  nearly  constant  with  uniform  rota¬ 
tion.  It  was  concluded,  therefore,  that  if  the  phase 
difference  between  voltages  on  successive  stator  seg¬ 
ments  were  reasonably  small,  a  smooth  change  in  the 
phase  of  the  voltage  appearing  on  any  rotor  plate 
could  be  secured  by  rotation  without  appreciable 
change  in  its  amplitude. 

It  was  next  proposed  to  equip  the  rotor  with  slip 
rings  for  continuous  rotation.  To  test  the  efficacy  of 
the  above  principle  for  beam  rotation,  a  beam-form¬ 
ing  lag  line  was  added;  then  an  array  of  ten  tubes 
(Type  6SJ7)  was  arranged  around  the  periphery  of  a 
cylindrical  plate— all  being  mounted  on  the  rotor 
member.  The  tubes  were  added  to  provide  isolation 
between  transducer  and  lag  line  and  also  to  introduce 
amplitude  shading.  Several  slip  rings  conducted  the 
lag  line  output  signal  from  the  rotor  and  the  supply 
voltages  to  the  tubes.  At  this  stage  of  development  the 
commutator  became  known  as  the  “whirling  der¬ 
vish.”  A  photograph  of  the  unit  is  shown  in  Figure 
48,  and  the  electrical  circuit  diagram  of  the  rotor  con¬ 
nections  in  Figure  49.  Because  of  the  tendency  of  the 
bakelite  plates  to  warp,  they  had  to  be  refaced  and 
the  aluminum  foil  segments  replaced  several  times 
during  experiments. 

The  whirling  dervish  was  used  with  the  first  arti¬ 
ficial  transducer  to  demonstrate  in  the  laboratory  the 
possibility  of  forming  satisfactory  directivity  pat¬ 
terns.  It  was  later  used  on  the  Aide  de  Camp  with 
the  Medusa  transducer  to  obtain  the  first  rotatable 
beam  pattern  from  a  projector  in  water. 

The  Die-Block  Model.  If  a  capacitive  commutator 
were  to  be  used  for  rapidly  rotating  a  receiving  beam, 
a  material  less  subject  to  warping  and  changes  in 
shape  was  needed  for  the  plates.  Therefore,  a  third 
commutator  was  designed  and  built  to  meet  a  600- 
rpnt  speed  requirement.  Initially,  the  rotor  plates 
were  made  of  Die-Block,  a  commercial  plastic-impreg¬ 
nated  plywood  which  was  supposed  to  retain  its  shape 
to  a  high  degree.  Aluminum  foil  was  used  for  the  36 
capacitive  segments  on  each  plate  and  the  unit  was 
placed  with  its  shaft  vertical. 

The  lag  line  was  enclosed  in  the  rotor,  and  its  out¬ 
put  brought  out  through  capacitive  rings.  Signals 
were  fed  into  the  line  through  L-type  resistor  net¬ 
works  in  the  same  manner  as  used  in  all  later  commu¬ 
tator  models.  The  line  itself  consisted  of  a  number 
of  constant-K  low-pass  filter  sections  having  uniform 
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phase  shifts,  and  was  split  at  its  center  by  a  60-degree  ments  were  cemented  to  the  glass.  Figure  50  shows  the 
section  to  allow  SLC  application.  unit,  with  the  artificial  transducer  phasing  line  lo- 

Contrary  to  expectation,  the  Die-Block  plates  cated  on  the  bench  below  the  commutator  unit, 
warped  to  such  an  extent  that  frequent  remachining  With  these  alterations,  the  commutator  was,  on 
of  the  plate  surfaces  was  necessary.  To  overcome  this  one  occasion,  operated  successfully  at  a  speed  of  1,800 
difficulty,  the  unit  was  rebuilt.  Plates  of  glass  were  rpm,  although  the  next  test  was  unsuccessful.  The 
affixed  to  Die-Block,  and  the  36  aluminum  foil  seg-  cause  of  its  failure  is  unknown.  The  rotor  glass  plate 


Figure  49.  Circuit  diagram  of  whirling  dervish  commutator. 
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Figure  "iO.  Assembly  view  of  Die-Block  commutator. 


disintegrated  and  associated  parts  of  lag  line,  glass, 
and  wire  were  distributed  around  the  laboratory  with 
some  near  misses  to  personnel. 

Capacitive  Commutator,  Modki.  1 

The  Model  1  commutator  was  the  first  practical 
capacitive  commutator  designed  for  a  rotation  speed 
of  30  rps.  A  photograph  of  the  unit  as  later  modified 
is  shown  in  Figure  51.  'Flic  commutator  proper  was 
separately  mounted  and  isolated  from  the  chassis 
frame  by  the  use  of  Lord  rubber  mountings  symmet¬ 
rically  placed  about  its  center  of  gravity. 

Starting  with  the  end  furthest  from  the  driving 
motor  the  commutator  chassis  contained: 

1.  A  bank  of  36  input  transformers  attached  to  a 
single  plate.  These  were  Audio  Development  trans¬ 
formers  No.  3179  with  100-ohm  primaries  and  50,000- 
ohm  secondaries.  One  element  of  the  36-elcmcnt 
transducer  was  connected  to  the  primary  of  each 
transformer.  The  secondaries  were  connected  through 
holes  in  the  end  plate  to  the  stator  segments,  these 
leads  being  kept  as  short  as  possible  to  minimize  pick¬ 
up  of  extraneous  noise. 

2.  Commutating  stator  plates.  The  two  stator 
plates  were  8  inches  square,  and  they  and  all  other 
plates  were  made  of  14-inch-thick  Mycalex.  Since 
Mycalex  is  an  insulator,  to  make  one  surface  of  each 
plate  a  conductor,  16-gauge  steel  was  cemented  to 
that  surface.  The  steel  was  ground  until  the  faces 
were  flat  and  parallel  and  then  cut  into  36  separate 
sector-shaped  segments,  the  active  area  of  each  being 
approximately  1.19  square  inches.  Later,  two  screws 


were  added  to  each  segment  to  hold  it  in  place.  After 
mounting,  the  segments  on  the  two  stators  were  elec¬ 
trically  connected  together.  The  stators  were  sepa¬ 
rated  by  ground  spacers  so  that  the  air  gaps  between 
them  and  the  rotor,  which  rotated  between  them, 
were  .005  inch  on  each  side.  They  were  mounted  on 
four  14-inch  rods  and  three  screw  adjustments  were 
provided  to  simplify  alignment  at  assembly. 

3.  Commutating  Rotor  Plate.  The  rotor  plate  was 
between  the  two  stators  and  was  8  inches  in  diameter, 
14-inch  thick,  and  had  36  metallic  segments  on  each 
side,  the  segments  on  the  two  sides  being  connected 
in  parallel.  The  capacitance  between  any  one  pair  of 
commutator  segments  was  approximately  100  ggf; 
the  use  of  a  doubly  faced  rotor  between  two  stator 
plates  provided  compensation  for  subsequent  minor 
variations  in  air  gap. 

Each  capacitor  segment  of  the  rotor  was  connected 
to  the  lag  line,  which,  in  this  model,  was  rotated.  The 
sections  of  the  beam-forming  lag  line  were  attached 
to  bakelitc  pieces  mounted  inside  a  cylinder  of  16- 
gauge  steel.  This  cylinder  was  constructed  in  two 
parts  so  that  the  lag  line  could  be  wired  and  added 
to  the  commutator  after  the  plates  had  been  mounted 
and  aligned. 

Experimental  work  on  lag  line  design  to  improve 
its  beam-forming  characteristic  was  carried  on  with 
this  model.  Toroidal  coils  using  powdered  molyb¬ 
denum  Permalloy  cores  were  first  used  as  inductive 
components.  The  earliest  lag  line  designs  employed 
the  constant-K  type  filter  section.  Later,  however, 
the  bridgcd-T  type  filter  section  (see  Chapter  6)  was 
substituted  with  considerable  improvement  in  beam 
pattern. 

4.  Output  Rotor  and  Stator  Plates.  The  output  of 
the  lag  line  was  taken  off  capacitively  rather  than  by 


Figure  51.  Assembly  view  of  Model  1  commutator. 
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slip  rings  as  in  subsequent  models.  This  was  done  by 
another  pair  of  plates,  comprising  a  single  rotor 
plate  and  a  single  stator  plate  on  the  other  side  of 
the  lag  line  cylinder.  Their  size  and  construction 
was  the  same  as  the  commutating  plates  and  the  spac¬ 
ing  between  them  was  about  .008  inch.  Instead  of 
being  segmented,  their  metallic  surfaces  were  cut 
into  three  concentric  rings  of  equal  area.  Three  out¬ 
put  rings  were  needed  because  the  lag  line  was  double 
to  make  SLC  reception  possible.  There  was,  however, 
one  slip  ring  which  was  used  to  give  a  positive  ground 
connection.  The  ring  itself  was  coin  silver  and  the 
brush  contact  area  was  a  silver  graphite  compound. 

5.  Motor  and  Sweep  Generator.  The  commutator 
driving  motor  was  a  14 -hp,  1,725-rpm  motor  with  a 
shaft  extending  from  each  end.  One  end  was  con¬ 
nected  through  a  flexible  coupling  directly  to  the 
commutator  rotor  shaft.  The  sweep  generator  was  a 
GE  industrial  type  synchro  generator  whose  stator 
was  rewound  to  have  a  high  impedance  suitable  for 
excitation  from  vacuum  tubes. 

This  commutator  assembly,  approximately  36 
inches  long,  14  inches  wide,  and  IO14  inches  high, 
was  completely  enclosed.  Input  connections  to  the 
transformers  were  made  through  four  18-terminal 
Jones  plugs  mounted  close  to  the  transformers;  all 
other  connections  were  made  through  Amphenol 
connectors. 

Modification.  After  about  a  year  of  operation  the 
Model  1  commutator  was  remodeled,  the  primary 
changes  being  directed  toward  decreased  size  and  ac¬ 
complished  by  using  a  small  1  /40-hp  motor,  changing 
the  input  transformers  to  the  smaller  size  Audio  De¬ 
velopment  transformer  No.  A3770,  and  replacing  the 
GE  industrial  type  synchro  generator  (selsyn)  with  a 
standard  size  5  CT  synchro.  Because  of  its  high-impe¬ 
dance  rotor  this  synchro  was  satisfactory  as  a  sweep 
generator,  but  not  so  satisfactory  as  the  original  re¬ 
wound  generator.  This  loss  was  accepted  because  of 
the  advantages  of  a  standard  synchro  and  the  conven¬ 
ience  of  smaller  size.  At  the  same  time  a  preamplifier 
and  power  supply  were  added.  After  this  modification 
the  dimensions  were  24x1234x1014  inches. 

Capacitive  Commutator,  Model  2 
(Experimental  Unit) 

A  second  design  was  undertaken,  the  primary  re¬ 
quirement  being  relative  ease  in  disassembling, 
changing,  and  reassembling  for  laboratory  experi¬ 
mentation. 


Figure  52.  Assembly  view  of  Model  2  commutator. 


In  this  model  the  shaft  was  made  vertical  rather 
than  horizontal.  Space  for  the  lag  line  was  provided 
in  a  cylinder  on  top  of  the  rotor  assembly.  The  plate 
assembly  was  below  this  and  the  sweep  generator  and 
motor  at  the  bottom  of  the  commutator.  (See  Figure 
52.) 

The  lag  line  was  rotated  as  in  Model  1,  but  be¬ 
cause  of  its  location,  it  could  be  reached  and  changed 
without  disassembling  the  entire  commutator.  Its 
elements  were  mounted  on  bakelite  plates  and  the 
entire  unit  was  shielded  by  a  16-gauge  steel  container 
between  two  bronze  castings. 

Directly  below  the  lag  line  was  the  commutating 
rotor  which  was  made  of  14-inch  Mycalex,  12  inches 
in  diameter.  The  larger  diameter  was  necessary  to 
secure  the  required  capacitance  without  a  second 
stator.  One  surface  was  made  conducting  by  cement¬ 
ing  a  16-gauge  steel  plate  to  the  Mycalex,  and  then 
cutting  into  36  segments  of  approximately  2.78  sq 
in.  area  each.  Because  this  commutator  was  planned 
to  rotate  at  speeds  up  to  3,600  rpm,  the  rotor  plate 
was  rigidly  secured  in  a  heavy  bronze  casting  for 
protection. 

The  commutating  stator  was  so  mounted  that  the 
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spacing  between  it  and  the  rotor  could  be  varied.  It 
was  positioned  axially  by  four  rods  which  also  sup¬ 
ported  the  top  rotor  bearing  plate.  The  30  segments 
of  the  stator  surface  were  connected  to  30  banana 
plugs  mounted  on  a  bakelite  ring  around  it. 

The  input  transformers  were  mounted  around  the 
capacitor  plates  on  a  single  plate  which  could  be 
plugged  as  a  unit  into  the  banana  plugs  attached  to 
the  stator  segments.  An  additional  plate  was  pro¬ 
vided  so  that  small  capacitors  could  be  added  in  series 
with  the  stator  segments  to  simulate  reduction  in  gap 
capacitance,  if  desired. 

Directly  below  the  commutating  plates  were  two 
output  plates  of  the  same  size  and  material.  The  out¬ 
put  stator  plate  was  about  \  /2  inches  from  the  com¬ 
mutating  stator  plate  and  was  mounted  and  posi¬ 
tioned  in  the  same  way.  One  surface  of  each  output 
plate  was  made  metallic  by  a  silvering  process  de¬ 
scribed  later.  (See  Section  5.4.3  on  commutator  plate 
materials.)  These  surfaces  were  cut  into  12  concentric 
rings  of  ecjual  area,  12  being  provided  to  allow  the 
installation  of  a  stationary  lag  line,  if  desired,  in  the 
experimental  program.  In  this  case  leads  from  any  12 
active  segments  on  the  rotor  commutating  plate  could 
be  connected  directly  to  the  12  rings  on  the  output 
rotor  plate. 

Coupled  to  the  end  of  the  rotor  shaft  was  a  GE  in¬ 
dustrial  type  synchro  generator  used  as  a  spiral-sweep 
generator.  As  in  the  Model  1  commutator,  the  rotor 
was  rewound  for  a  higher  impedance.  The  unit  was 
belt-driven  by  a  1/12-hp  synchronous  Bodine  motor 
and  a  knob  and  dial  were  provided  at  the  top  for 
hand-training.  All  connections  were  made  through 
Jones  plugs  and  Amphenol  plugs.  The  commutator 
was  approximately  22  inches  in  diameter,  about  34 
inches  high,  and  the  whole  assembly  mounted  on  U. 
S.  Rubber  Company  isolators. 

The  Model  2  capacitive  commutator  was  used  at 
HUSL  to  investigate  the  problem  of  air  gap  toler¬ 
ances.  Variations  in  the  rotor-to-stator  plate  spacing 
due  to  the  stator  plate  unevenness  were  simulated 
electrically  by  changes  in  the  overall  series  capaci¬ 
tance  of  the  commutator  produced  by  the  insertion  of 
capacitors  between  any  one  of  the  36  stator  segments 
and  its  input  transformer.  Likewise,  variations  in  the 
rotor-to-stator  spacing  due  to  rotor  plate  unevenness 
were  simulated  electrically  by  changes  in  the  scries 
capacitance  produced  by  the  insertion  of  capacitors 
between  the  active  rotor  plates  and  the  fecd-in  points 
to  the  lag  line.  Test  results  indicated  that  a  tolerance 


of  approximately  ±12  per  cent  in  air  gap  variation 
was  allowable  without  serious  deterioration  of  beam 
pattern.1''2 

Capacitive  Commutator,  Model  3 

A  third  design  was  begun  in  anticipation  of  the 
need  for  two  commutators  to  be  installed  with  the 
QH  scanning  sonar  on  USS  Sardonyx.  Originally 
the  Model  2  commutator  was  to  be  completed  and 
tested  before  starting  the  third  design,  but,  because 
of  the  press  of  time,  several  assumptions  were  made 
so  that  the  Model  3  design  and  construction  could 
proceed.  Three  Model  3's  were  built,  redesigned,  and 
two  of  them  rebuilt  and  installed  before  the  Model  2 
was  completed.  The  design  was  begun  in  the  latter 
part  of  July  191.3,  and  was  completed  late  in  August 
1913. 

The  basic  difference  between  Model  3  and  other 
commutators  was  the  stationary  instead  of  rotating 
lag  line.  To  accomplish  this  and  to  give  a  double  lag 
line  for  SI.C  reception  five  plates  were  used,  three 
being  stators  and  two  rotors.  The  center  stator  plate 
corresponded  to  the  commutating  stator  plate  in  pre¬ 
vious  commutators,  and  both  sides  'were  surfaced 
with  metal  cut  into  36  segments  of  approximately 
2.19  sq  in.  active  area  each.  On  each  side  was  a  rotor 
plate  with  36  segments  cut  into  the  metallic  surfaces 
facing  the  commutating  stator  plates,  and  10  concen¬ 
tric  l  ings  of  equal  area  cut  into  the  metallic  surfaces 
on  the  back.  These  corresponded  to  the  output  rings 
on  other  commutators.  The  ten  active  segments  on 
one  side  were  electrically  connected  through  holes  in 
the  plate  to  the  rings  on  the  other  side.  Opposite  each 
rotor  plate  was  a  stator  plate  whose  metallic  surface 
was  also  cut  into  10  concentric  rings.  These  were  the 
output  stators  and  their  rings  were  connected  directly 
to  the  sections  of  the  lag  line. 

The  stator  plates  were  clamped  together  and 
mounted  on  four  rods,  the  distance  between  them 
being  determined  by  accurately  ground  spacers.  They 
were  adjustable  as  a  unit  but  not  individually.  The 
rotors  were  mounted  to  the  shaft  in  such  a  way  that 
they  could  also  be  adjusted  as  a  unit,  the  distance 
between  being  determined  by  a  spacer.  The  air  gaps 
used  for  both  input  and  output  were  .005  inch.  To 
make  SLC  reception  possible,  the  centers  of  the  active 
segments  on  the  two  rotors  were  offset  by  10  degrees 
when  they  were  mounted  to  the  shaft. 

All  plates  were  made  of  14-inch-thick  Mycalex,  the 
rotors  being  10  inches  in  diameter,  and  all  plates  were 
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Figure  53.  Circuit  diagram  of  beam-forming  lag  line.  Model  3  commutator. 


coated  with  silver  by  a  method  described  in  the  next 
section.  The  stators  were  silvered  5/8  inch  beyond 
the  outside  diameter  of  the  rotor  and  connections 
from  the  input  transformers  were  made  to  soldering 
lugs  bolted  to  the  stator  in  this  space.  Input  trans¬ 
formers  were  mounted  around  the  plates. 

The  lag  line  was  double  to  allow  SLC  reception, 
and  half  of  it  was  attached  to  each  end  of  the  rotor 
section.  Figure  53  gives  design  data  on  the  lag  line  for 
this  commutator. 

The  entire  rotor  section  was  mounted  on  Lord 
mounts  for  isolation  from  motor  and  other  vibra¬ 
tions.  The  motor  was  a  1/12-hp,  1,725-rpm  Robbins 
and  Myers  motor  mounted  on  Lord  isolators  and  con¬ 
nected  to  one  end  of  the  rotor  shaft  by  a  flexible 
coupling.  The  final  design  used  a  1  CT  synchro 
coupled  directly  to  the  other  end  of  the  rotor  shaft. 

The  preamplifier  and  power  supply  were  built 
into  this  model.  Figure  54  shows  the  preamplifier  and 
Figure  58,  the  power  supply,  which  was  the  same  as 
for  Model  IB.  The  preamplifier  was  double,  half  of 
it  being  mounted  at  each  end  of  the  rotor  section.  All 
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Figure  54.  Circuit  diagram  of  preamplifier.  Model  3 
commutator. 


connections  to  the  commutator  were  made  through 
Amphenol  plugs. 

Construction  was  started  on  three  Model  3  commu¬ 
tators  but,  after  completion  and  testing  of  one,  the 
stationary  lag  line  proved  unsatisfactory.  Following 
the  completion  of  two  Model  IB  commutators,  the 
original  Model  3  commutator  was  converted  to  this 
type  and  used  as  a  listening  rotor.  It  was  first  installed 
with  the  Model  1  as  part  of  the  QH  Model  1  sonar 
on  the  Aide  de  Camp. 

Capacitive  Commutator,  Model  IB 

This  unit  consisted  of  one  rotor  between  two  sta¬ 
tors,  a  rotating  lag  line  with  conductive  slip  ring 
rather  than  capacitive  output,  the  usual  spiral-sweep 
generator  and  motor,  and  a  preamplifier  and  power 
supply.  The  commutating  plates  were  10  inches  in 
active  diameter,  made  of  ^4-inch  Mykroy  and  coated 
with  silver  by  the  Metaplast  process.  (See  Section  5.4.3 
on  commutator  plate  materials.)  The  two  stators  were 
mounted  as  before  and  separated  by  ground  spacers 
allowing  a  .005-inch  air  gap  on  each  side  of  the  rotor. 

The  rotor  was  attached  to  a  collar  on  the  shaft,  to 
which  were  also  attached  the  lag  line  and  a  slip  ring 
collar  (see  below). 

The  stators  were  metallized  on  one  side  only,  5 /8 
inch  beyond  the  outside  of  the  rotor,  and  this  metal 
surface  was  cut  into  36  segments.  Connections  to  the 
stator  segments  were  made  as  in  Model  3.  After 
mounting,  the  segments  of  the  two  stators  were  con¬ 
nected  in  parallel. 

Both  surfaces  of  the  rotor  were  metallized  and  cut 
into  36  segments  of  approximately  1.92  sq  in.  area 
each.  The  two  sides  were  connected  in  parallel  by 
silvering  the  insides  of  36  holes  through  the  plate. 
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Fu;i:rk  55.  Assembly  view  of  Model  II!  commutator. 

These  holes  also  prov  ided  a  simple  means  of  making 
connections  to  the  lag  line.  Figure  55  is  a  photograph 
of  this  unit. 

The  lag  line  components  were  mounted  on  bake- 
lite  pieces  inside  a  heavy  ring  fastened  to  a  plate  on 
the  shaft  collar.  This  could  be  assembled  and  wired 
as  a  unit  and  then  completely  inclosed  by  putting  on 
a  spun  metal  cover.  Leads  to  the  lag  line  sections  were 
attached  to  a  ring  of  3(5  banana  plugs  extending 
through  the  lag  line  plate  and  could  be  plugged  into 
the  silvered  holes  in  the  rotor  plate  as  a  unit.  This 
lag  line  design  is  shown  in  Figure  56. 


The  three  output  leads  for  the  lag  line  were  con- 
netted  to  silver-plated  brass  slip  rings  attached  to  a 
bakelite  collar.  The  brushes,  with  a  contact  area  of 
silver  graphite  compound,  were  made  by  the  Radia¬ 
tion  Laboratory  at  MIT.  Two  brushes  were  used  in 
parallel  on  each  ring  to  reduce  electrical  noise. 

Since  the  size  1  CT  synchro  used  in  Model  3  as  a 
spiral-sweep  generator  did  not  have  the  output  ex¬ 
pected,  a  GE  size  5  CT  synchro  was  used  for  Model 
I B.  This  was  coupled  directly  to  the  rotor  shaft  with 
a  flexible  coupling.  It  was  found  experimentally  that 
of  the  5  CT  synchros  made  by  different  manufactur¬ 
ers,  only  those  made  by  GE  had  the  high  rotor  im¬ 
pedance  required  to  permit  satisfactory  excitation  by 
the  vacuum  tubes  used. 

In  order  to  shorten  the  commutator  still  further, 
the  motor  was  mounted  on  the  end  with  the  synchro, 
rather  than  on  the  opposite  end  as  before.  A  1  /40-hp, 
1,725-rpm  capacitor  start-and-run  Bodinc  motor  was 
coupled  to  the  rotor  shaft  by  a  Link-Belt  silent  chain. 
T  his  proved  satisfactory  in  operation  but  was  noisy. 
A  small  discrepancy  between  the  size  of  the  sprocket 
on  the  motor  and  the  one  on  the  rotor  shaft  was 
used  to  bring  the  rotation  speed  up  to  about  1,800 
rptn.  'I’he  overall  size  of  the  commutator  unit  was 
17x15x15  inches. 

Both  the  preamplifier  and  the  power  supply  chassis 
were  complete  in  themselves  and  could  be  assembled 
and  wired  separately.  'I  he  circuit  diagrams  of  these 
two  units  are  shown  in  Figures  57  and  58. 
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Ell. CRT  56.  Circuit  diagram  of  beam -forming  lag  line,  Model  II!  commutator. 
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Figure  57.  Circuit  diagram  of  preamplifier.  Model  IB  commutator. 


Model  IB  Listening  Rotor 

The  Model  IB  was  converted  to  a  listening  rotor 
by  replacing  the  Bodine  motor  drive  with  a  servo 
system  composed  of: 

1.  The  5  CT  synchro  already  coupled  to  the  rotor 
shaft. 

2.  A  27-rpm  Brown  Instrument  Company  servo 
motor,  No.  76750-3,  geared  to  the  rotor  shaft  to  give  a 
9-rpm  rotation  speed. 

3.  A  2-watt  servo  amplifier  Model  3,  shown  in  Fig¬ 
ure  59. 

One  scanning  and  one  listening  Model  IB  commu¬ 
tator  were  used  with  the  QH  Model  1  sonar  which 
was  installed  on  USS  Sardonyx  and  later  transferred 
to  USS  Cythera.  These  models  also  served  as  the 
prototype  of  the  commutators  manufactured  by  the 
Sangamo  Electric  Company  as  part  of  the  XQHA 
systems. 


Capacitive  Commutator,  Model  4 

Because  of  the  large  number  of  parts  involved  and 
the  difficulty  of  assembling  a  multiple-plate  commu¬ 
tator,  a  fourth  design  was  undertaken  which  was  a 
radical  departure  from  previous  designs  in  that  two 
concentric  cylinders  were  substituted  for  the  flat 
plates.  (See  Figures  60  and  61.) 

In  this  model  the  rotor  was  a  cylinder  about  63^ 
inches  OD,  mounted  for  rotation  inside  a  stationary 
cylinder  with  .005-inch  clearance  all  around.  The  in¬ 
side  of  the  stator  and  the  outside  of  the  rotor  were 
coated  with  a  fired  silver,  as  described  in  the  follow¬ 
ing  section.  Both  cylinders  were  made  of  Pyrex  by  the 
Corning  Glass  Company  and  delivered  to  HUSL 
ready  for  installation.  The  segments  were  cut  longitu¬ 
dinally  and  the  connections  to  them  were  made  by 
plugging  banana  plugs  into  silvered  holes.  The  active 
area  of  each  segment  was  approximately  3.35  sq  in. 


Figure  58.  Circuit  diagram  of  power  supply  for  pre-  Figure  59.  Circuit  diagram  of  Model  3  servo  amplifier, 

amplifier.  Model  IB  commutator. 
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Figi'RK  GO.  Disassembly  view  of  Model  4  commutator. 


Idol 'm  61.  Assembly  view  of  Model  4  commutator. 


These  cylinders  were  mounted  on  castings  which 
were  carefully  fitted  into  their  inside  surfaces.  To  re¬ 
duce  stress  caused  by  differential  expansion  between 
the  glass  and  the  casting  material,  only  six  points  of 
the  castings  were  in  contact  with  the  glass.  Since  it 
was  necessary  that  these  castings  have  essentially  the 
same  coefficient  of  thermal  expansion  as  the  Pyrcx, 
two  low-expansion  alloys,  developed  by  the  Westing- 
house  Research  Laboratories,  were  used.  One  was  a 
modification  of  Invar,  designated  Research  Heat  No. 
5121;  the  other,  developed  in  an  effort  to  make  the 
castings  corrosion-resistant,  was  an  iron-chromium- 
cobalt  alloy  designated  Research  Heat  No.  5132.  The 


cylinders  were  positioned  radially  only  by  these  cast¬ 
ings;  axially,  they  were  held  in  place  by  steel  rings 
attached  to  the  castings  and  clamped  against  their 
ends.  For  protection,  thin  corprcne  washers  were  used 
between  these  rings  and  the  glass.  The  castings  that 
positioned  the  stator  also  formed  housings  for  the 
rotor  bearings;  consequently,  their  inside  and  out¬ 
side  surfaces  had  to  be  concentric  to  a  high  degree  of 
accuracy.  Likewise,  surfaces  for  the  casting  for  the 
rotor  had  to  be  concentric. 

The  lag  line  was  considerably  compressed  for 
mounting  inside  the  rotor.  Space  was  allowed  for  a 
double  lag  line  for  SLC  reception,  although  the  com- 
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mutators  built  had  only  single  lag  lines.  The  electric 
design  of  this  lag  line  is  shown  in  Figure  62.  Three 
output  leads  from  the  double  lag  line  were  brought 
through  the  casting  at  the  rotor  end  to  three  slip 
rings.  The  brushes  used  were  the  same  as  those  used 
on  other  models  and  could  be  removed  without  dis¬ 
assembling  the  entire  commutator.  To  reduce  electri¬ 
cal  noise,  six  brushes  were  used  on  each  slip  ring. 

The  commutator  was  to  be  used  for  either  scanning 
or  listening,  and  two  motors  were  therefore  built  into 
it.  The  scanning  motor,  a  1/40-hp,  1,725-rpm  capa¬ 
citor  start-and-run  Bodine,  was  mounted  on  one  end 
of  the  rotor  and  permanently  coupled  to  its  shaft  by 
a  flexible  coupling.  The  servo  motor  for  listening  was 
made  by  the  Brown  Instrument  Company  and  geared 
to  the  other  end  of  the  rotor  through  an  idler  which 
could  be  engaged  by  moving  a  lever.  This  lever  also 
tripped  a  microswitch  which  shifted  the  a-c  power 
from  the  scanning  to  the  servo  motor.  The  sweep 
generator,  a  size  5  CT  synchro  made  by  the  General 
Electric  Company,  was  coupled  directly  to  the  rotor 
shaft  on  the  servo  motor  end.  Both  motors  and  the 
synchro  were  attached  to  the  end  plates  of  the  rotor 
and  the  whole  commutator  unit  was  mounted  on 
Lord  mounts. 

The  power  supply  and  preamplifier  were  parts  of 
this  unit  and  could  be  connected  by  detachable  plugs 
as  in  Model  IB.  All  electric  inputs  to  the  commutator 
were  through  Amphenol  AN  plugs.  The  input  trans¬ 
formers  were  Audio  Development  Type  A3770 
mounted  around  the  stator.  The  dimensions  of  the 
complete  commutator  were  1834x1 114XIO14  inches, 
and  it  could  be  mounted  in  a  standard  relay  rack. 

Because  of  the  small  air  gap  and  the  rigid  require¬ 
ments  for  uniformity,  the  problem  of  mounting  the 
cylinders  was  difficult.  Consequently,  there  was  some 
question  as  to  whether  the  unit  could  be  readily  made 
on  a  mass  production  basis.  During  the  design  period 
of  the  Model  4,  the  design  of  the  XQHA  commutator 
units  was  discussed  with  the  representatives  of  the 
Sangamo  Electric  Company.  As  a  result,  a  design  us¬ 
ing  two  identical  flat  glass  plates  with  fired  silver  seg¬ 
ments  was  adopted.1  This  design  has  proved  readily 
manufacturable,  and  has  given  satisfactory  perform¬ 
ance.27'31  Commutators  of  this  design  are  used  in  the 
integrated  Type  B  sonar  (see  Chapter  6). 

Capacitive  Commutator,  Model  5 

The  only  difference  between  this  and  Model  4  was 
that  Model  5  had  48  input  transformers,  and  the  sil¬ 


ver  surfaces  on  the  cylinders  were  cut  into  48  rather 
than  36  strips.  This  gave  an  active  area  of  approxi¬ 
mately  2.5  sq  in.  for  each  segment. 


5.4.3 


Commutator  Plate  Materials 


The  considerable  amount  of  experimental  work  to 
develop  a  satisfactory  arrangement  for  forming  and 
mounting  the  capacitive  commutator  segments  is  de¬ 
scribed  here.  The  ideal  material  for  commutator 
plates  would  have  the  following  properties: 

1.  Nonconduction 

2.  Low  dielectric  constant 

3.  Ease  of  machining 

4.  Mechanical  strength  to  stand  high  rotation 
speeds  and  resistance  to  shock 

5.  Very  high  dimensional  stability— no  cold  flow  or 
warping  over  a  period  of  time 

6.  Nonhygroscopic 

7.  A  surface  to  which  conducting  material  can  be 
attached  easily  and  firmly 

8.  Ability  to  hold  its  shape  and  dimensions  at  the 
high  temperatures  required  to  fire  silver  on  its  sur¬ 
face,  if  this  method  of  metallizing  is  to  be  used 

9.  Ready  availability 

A  large  number  of  materials  were  considered  but, 
since  no  one  material  possessed  all  these  properties, 
only  two  or  three  were  actually  used.  The  hardest  re¬ 
quirement  to  meet  was  the  one  of  dimensional  stabil¬ 
ity.  The  few  materials  actually  used  will  be  discussed 
in  detail,  but  for  reference  all  materials  considered 
are  listed  below.  The  number  in  parenthesis  after 
each  material  indicates  the  primary  requirement  it 
failed  to  satisfy. 

1.  A  steel  plate  as  base  with  porcelain  standoffs 
holding  separate  steel  segments  [(3  8c  4),  mechanical 
complexity] 

2.  Die-Block  (5) 

3.  “Hy-Den”  (bakelite  impregnated  wood)  (5) 

4.  Injection  molded  hard  bakelite  (5) 

5.  Canvas-base  bakelite  (Formica,  Micarta,  F.  B. 
E.)  (5  &  6) 

6.  Glass-base  bakelite  (8  &  9) 

7.  Polystyrene  (5  &  7) 

8.  Lucite  (5) 

9.  Vinylite  (5) 

10.  Mycalex 

11.  Mykroy 

12.  Plate  glass  (4) 

13.  Pyrex— see  below 


(8)— see  below 
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14.  Porcelain  (3)  ^ 

15.  Prestite  (3) 

16.  Isolantite  (3) 

17.  Alsimag  (3) 

18.  Ebony— Asbestos  (5  &:  6) 


see  below 


see  below 


Mvcalkx  and  Mykroy 

With  the  exception  of  the  cylindrical  commutator 
all  formally  designed  commutators  constructed  at 
HUSL  had  either  Mycalex  or  Mykroy  plates.  These 
two  are  essentially  the  same,  except  for  minor  differ¬ 
ences  in  composition. 

Mycalex  is  a  mixture  of  60  per  cent  mica,  30  per 
cent  low  fusing  glass,  and  10  per  cent  water.  It  is 
pressed  dry  and  cold,  completely  dried,  then  heated 
to  the  fusing  point  of  the  glass  and  pressed  again 
while  hot.  The  result  is  a  material  which  meets  most 
of  the  requirements  described  above,  but  which  is  not 
strong  enough  mechanically  for  mass  production.  It 
can  be  machined  under  water  with  comparative  ease, 
but  in  general  should  be  handled  like  glass.  The  point 
on  which  it  is  definitely  not  satisfactory  is  point  7, 
since  there  is  much  difficulty  in  finding  a  method  ol 
metallizing  the  surface  which  would  be  practical  for 
mass  production. 

Mykroy,  being  essentially  the  same  as  Mycalex,  is 
subject  to  the  same  troubles,  but  is  better  on  point  8, 
since  it  can  stand  a  slightly  higher  temperature.  (See 
below.) 

Pyrex 

Thus  far  Pyrex  met  all  requirements  satisfactorily, 
and  production  models  were  made  with  Pyrex  plates, 
although  mechanical  strength  and  resistance  to 
shock  could  be  better. 


Alsimag 

Alsimag  is  a  steatite  and  is  representative  of  the 
handling  of  ceramics  in  general.  It  has  about  four 
times  the  mechanical  strength  of  glass,  can  easily  be 
produced  in  quantity  by  molding,  and  provides  an 
excellent  bond  for  a  metal  surface.  Its  one  drawback 
is  that,  like  all  ceramics,  after  being  fired  it  is  too  hard 
for  further  changes,  except  by  grinding.  Unfortu¬ 
nately,  a  10-per  cent  shrinkage  which  occurs  during 
firing  makes  it  impossible  to  locate  small  holes,  etc., 
accurately,  since  they  must  be  put  in  before  firing. 
However,  it  can  be  ground  easily,  and  it  seems  that  a 
commutator  could  be  designed  which  would  over¬ 
come  this  difficulty.  Once  fired,  Alsimag  plates  can  be 


reheated  as  high  as  1000  C,  with  no  change;  so  metal¬ 
lizing  is  a  simple  process.  From  an  admittedly  incom¬ 
plete  study  it  seems  probable  that,  with  further  devel¬ 
opment,  Alsimag  would  be  the  most  satisfactory  of 
the  materials  considered. 

This  approach  is  subject  to  the  basic  limitation 
that  the  insulating  material  is  also  the  structural  sup¬ 
porting  member.  Any  future  study  should  include 
composite  structures,  in  which  the  separate  functions 
of  insulation  and  structural  support  are  performed 
by  the  most  suitable  materials  in  each  case. 

M KTAI.I.IZING  M F.TIIODS 

A  satisfactory  method  of  securing  conducting  sur¬ 
faces  on  the  insulating  plates  has  been  very  difficult 
to  find.  All  that  is  required  is  that  the  surface  be 
conducting  and  that  it  be  possible  to  cut  it  up  into 
segments  or  rings  without  its  coming  off.  For  the  first 
attempts,  16-gauge  steel  plates  were  cemented  to  My¬ 
calex  plates,  using  Vinylscal  as  the  adhesive.  This  was 
done  for  the  Model  1  commutator,  but  before  being 
used  the  plates  loosened  and  screws  had  to  be  added 
to  hold  them  in  place.  Because  of  its  brittle  quality, 
tapping  into  Mycalex  is  not  practical. 

Attempts  were  made  to  attach  16-gaugc  steel  plates 
to  Myc  alex  by  using  Cycle-Weld  as  the  adhesive,  first 
by  cementing  steel  directly  to  the  Mycalex  and  later 
by  cementing  it  to  a  bakelite  filler  and  then  cement¬ 
ing  the  filler  to  the  Mycalex.  Both  methods  were  un¬ 
satisfactory  because  the  surface  of  the  Mycalex  was 
weaker  than  the  bond,  and  the  plates  could  be  pulled 
olf  along  with  a  very  thin  layer  of  this  surface.  With 
the  bakelite  “sandwich”  other  difficulties  were  also 
encountered. 

Since  cementing  proved  unsatisfactory,  several 
other  methods,  listed  below,  were  tried.  Only  the  first 
two  were  successful,  but  it  is  possible  that  some  tried 
only  on  Mycalex  could  be  used  on  glass  or  on  Alsi¬ 
mag. 

1.  Spraying  and  firing  silver 

2.  “Metaplating” 

3.  Spraying  hot  metal 

4.  Vacuum  plating 

5.  Sputtering 

6.  Mirror  silvering 

A  liquid  silver  manufactured  by  the  Hanovia 
Chemical  Company  of  Newark,  New  Jersey,  looked 
very  promising  after  preliminary  tests.  It  was  a  col¬ 
loidal  suspension  of  very  finely  divided  silver  in  an 
organic  compound.  It  was  sprayed  on  with  a  regular 
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paint  spray  gun  and  then  the  plates  brought  up  to  a 
temperature  determined  by  the  type  of  silver  and  the 
plate  material.  This  volatilized  the  organic  com¬ 
pound  and  left  a  coating  of  metallic  silver.  However, 
many  troubles  were  encountered  in  applying  it  to 
Mycalex,  the  chief  being  that  the  firing  temperature 
required  for  silvering  (450  C)  was  very  close  to  the 
softening  point  of  the  Mycalex.  This  required  very 
careful  control  in  heating  the  plates,  and  even  then 
the  quality  of  the  bond  between  the  silver  and  the 
Mycalex  was  unpredictable.  Under  no  conditions 
were  plates  successfully  heated  to  this  temperature 
without  some  change  of  dimensions  t>r  flatness.  Al¬ 
though  Mykroy  could  stand  a  little  higher  tempera¬ 
ture,  it  was  unsatisfactory  because  of  warping.  Actu¬ 
ally  two  Mykroy  plates  were  successfully  coated  by 
this  method  for  the  Model  2  commutator,  as  well  as 
all  the  plates  for  the  Model  3  commutator.  However, 
to  compensate  for  the  warping,  several  thick  layers  of 
silver  were  put  on  and  then  burnished  flat. 

The  fired  silver  method  of  coating  was  essentially 
the  same  as  that  used  by  the  Corning  Glass  Works  in 
coating  their  Pyrex  disks  for  the  XQHA  commutator 
manufactured  by  the  Sangamo  Electric  Company.  No 
trouble  was  encountered  there,  first,  because  the 
plates  were  very  carefully  annealed  before  reheating 
for  the  silvering,  and,  second,  because  the  firing  tem¬ 
perature  for  silvering  was  not  near  the  softening 
temperature  of  the  glass. 

Considerable  work  with  this  method  of  silvering 
on  Alsimag  brought  excellent  results.  Alsimag  is  re¬ 
sistant  to  heat  shock  and,  consequently,  temperature 
control  is  not  nearly  so  critical  as  with  Mycalex  or 
glass.  In  addition,  it  can  stand  temperature  up  to 
1000  C  without  warping,  this  being  considerably 
above  that  required  for  firing  silver  (800  C).  The  re¬ 
sulting  bond  is  excellent,  and  the  silver  can  not  be 
scraped  off. 

Another  successful  method  of  plating  was  achieved 
by  the  Metaplast  Corporation  of  New  York  and  re¬ 
quired  no  heat.  In  this  process,  a  very  thin  bonding 
coat  was  put  on,  and  then  additional  thickness  built 
up  by  regular  silver  plating  methods.  The  two  Model 
IB  commutators  used  in  the  USS  Sardonyx  installa¬ 
tion  were  plated  by  this  method.  Because  of  the  press 
of  time,  only  a  bonding  coat  was  put  on  these  com¬ 
mutators,  but  after  about  six  months  of  operation 
they  had  to  be  recoated  and  the  silver  built  up  to 
about  .0005  inch.  Care  hacf  to  be  exercised  in  doing 
this,  however,  for  once  the  coat  became  thick  enough 


to  be  continuous,  in  the  sense  that  a  metal  plate  is 
continuous,  it  could  be  peeled  off. 

This  method  had  many  advantages  over  cementing 
steel  to  the  plates.  The  chief  advantage  of  the  fired 
silvers  or  Metaplating  was  that  the  coating  could  be 
put  on  in  any  shape  without  machining.  After  being 
plated  and  fired,  the  surface  could  be  cut  into  seg¬ 
ments  simply  by  scratching  along  a  straight  edge 
rather  than  by  milling.  The  coating  was  noncorrosive 
and,  provided  it  was  thin  enough,  could  not  be 
peeled  off.  It  would  stand  a  great  deal  of  wear  and 
tear  in  normal  handling  and  assembling  and  it  vastly 
simplified  the  problem  of  making  connections  to  the 
segments,  because  the  metallic  coat  could  be  carried 
on  through  holes  and  to  any  point  desired.  This  made 
it  possible  either  to  plug  into  these  holes  or  to  solder 
lugs  into  them  as  was  done  in  the  Sangamo  XQHA 
commutator. 

55  INDICATORS 

This  section  contains  descriptions  of  the  indica¬ 
tors  used  in  the  various  CR  scanning  sonars.  In  the 
early  part  of  Chapter  2  design  considerations  were 
discussed  and  may  be  referred  to  in  evaluating  the 
units  described  here.  Many  recognized  operating  con¬ 
veniences  were  omitted  in  early  experimental  de¬ 
signs  so  that  time  and  effort  could  be  saved  until  the 
value  of  the  fundamental  scanning  sonar  principles 
had  been  established. 

5-51  Use  of  MR  Indicator  for  Medusa 
Tests 

For  general  preliminary  testing  in  the  laboratory, 
commercial  cathode-ray  oscilloscopes  were  used  as  in¬ 
dicators.  For  example,  to  observe  patterns,  the  hori¬ 
zontal  deflection  amplifier  was  driven  by  the  linear 
sweep,  synchronized  with  the  rotation  of  the  beam  of 
sensitivity,  thus  making  the  abscissa  represent  bear¬ 
ing;  the  vertical  deflection  amplifier  was  fed  from 
the  output  of  the  receiver,  so  that  the  ordinates  rep¬ 
resented  signal  intensity.  A  linear  plot  of  the  beam 
pattern  in  rectilinear  coordinates  was  then  obtained 
(see  Figure  2). 

From  the  beginning  of  the  work  on  scanning  sys¬ 
tems,  a  cathode-ray  tube  was  used  as  the  indicator  to 
give  a  plan  position  indicator  [PPI]  display.  Such  an 
indicator,  using  a  magnetic  deflection  cathode-ray 
tube  with  2-phase  spiral  sweep,  was  built  for  the  roto- 
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Fk.iri:  63.  Operator's  view  of  12-in.  PEI. 

scope  MR  scanning  sonar.  Details  of  construction 
and  use  are  found  in  Chapter  4.  ft  was  used  as  the 
indicator  unit  in  the  scanning  sonar  system  using  the 
Medusa  transducer  in  tests  conducted  on  the  Aide  de 
Camp  in  October  1942.  The  1*1*1  performed  satisfac¬ 
torily  and  the  test  results  gave  sufficient  evidence  that 
a  CR  scanning  system  could  he  made  to  function.4*8-"3 
No  further  work  was  done  using  this  PP1  on  CR  sys¬ 
tems.  It  was  transferred  to  the  rotoscope  program  and 
continued  to  perform  satisfactorily  in  that  work  for 
some  time. 

55  2  Use  of  7-Inch  CR  Tube  in  the 
Auditorium  Demonstration  System 

After  the  first  tests  of  a  scanning  sonar  system  were 
made  in  the  Charles  River  Basin,  a  CR  system  was 
set  up  in  the  laboratory  in  order  to  develop  the  elec¬ 
tronic  portions  of  the  system  and  to  permit  demon¬ 
strations  to  be  given.  The  indicators  used  in  this  sys¬ 
tem  consisted  of  a  7-inch  cathode-ray  tube  PPI  and  a 
loudspeaker.  The  speaker  was  not  then  intended  as 
a  part  of  a  scanning  sonar  system  but  was  used  in 
demonstrations  for  comparing  patterns  on  the  PPI 
with  the  corresponding  aural  indications  of  echo  and 
reverberation  in  the  usual  searchlight-type  sonars. 

The  construction  of  the  PPI  was  very  simple.  The 


7-inch,  long-persistence-scrcen  (P7  phosphor)  ca¬ 
thode-ray  tube  was  mounted  in  a  standard  14-inch 
relay  rack  panel  behind  a  color  filter,  and  the  focus¬ 
ing  and  deflection  coils  were  supported  on  wooden 
blocks.  Only  the  control  for  intensity  was  provided 
on  the  panel.  Signal  was  applied  to  the  brightening 
grid  through  a  step-up  transformer,  about  27  volts 
being  required  for  full  brightening.  The  deflection 
coil  assembly  was  the  3-phase  stator  winding  of  a 
Diehl  5F  synchro.  The  scanning  speed  used  was  30 
rps.  This  indicator  was  used  in  the  laboratory  for 
demonstrations  and  for  testing"4  of  spiral  sweeps. 
SLC  brightening  was  also  used  later  in  tests  on 
quenching"5  of  the  screen  persistence  (see  Chapter  2). 

5.5.3  12-Inch  PPI  on  Aide  de  Camp 

The  third  CR  scanning  sonar  was  installed  on  the 
Aide  de  Camp  in  June  1943  (see  Section  5.2.3  of  this 
chapter  on  experimental  work).  The  first  indicator 
used  was  the  PPI  with  a  7-inch  cathode-ray  tube  that 
had  been  used  in  the  laboratory  CR  system.  This  was 
later  replaced,  however,  by  an  improved  design  in¬ 
corporating  the  following  innovations: 

1.  A  12-inch  cathode-ray  tube. 

2.  A  mechanical  cursor  to  assist  in  reading  the 
range  and  bearing  of  target  echoes. 

3.  True-  or  relative-bearing  display  by  use  of  a  DG 
synchro  in  the  spiral-sweep  circuit. 

4.  Electronically  brightened  range  circles  on  the 
PPI  screen. 

The  12-inch  tube  was  of  the  long-persistence  (P7) 
type  using  magnetic  deflection  and  focusing.  The  de¬ 
flection  coil  was  a  3-phase  stator  of  a  type  5F  synchro 
(Diehl).  The  scope  was  mounted  inside  a  steel  hous¬ 
ing  which  was  supported  by  the  front  panel,  and 
which  in  turn  supported  the  focus  and  deflection  coils 
and  permitted  their  adjustment  by  allowing  move¬ 
ment  with  respect  to  the  cathode-ray  tube.  Also  sup¬ 
ported  by  the  front  panel  were  the  bezel  ring  (which 
held  the  protective  transparent  disk),  the  light  filter 
disk,  and  the  mechanical  cursor  with  its  gears  and 
control  knob.  A  bearing  scale  was  engraved  on  the 
outer  portion  of  the  protective  disk  and  the  bearing 
was  read  against  a  pointer  carried  by  a  large  ring 
supporting  the  outer  end  of  the  cursor.  This  ring 
was  supported  by  wheels  and  was  connected  by  gear¬ 
ing  to  the  control  knob  so  that  it  could  be  positioned 
by  the  operator. 
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Figure  64.  Arrangement  of  units  in  QH  scanning  sonar, 
Model  1. 


Figure  63  is  a  photograph  of  the  PPI  front  assem¬ 
bly.  No  other  controls  were  provided  on  the  PPI 
panel,  and  no  lighting  was  provided  to  make  the 
scales  visible. 

The  power  supplies  for  the  CRO  were  on  a  sep¬ 
arate  chassis.  The  true-bearing  display  was  accom¬ 
plished  by  inserting  a  5  DG  synchro  between  the 
sweep  generator  and  the  deflection  coils,  its  rotor 
being  positioned  by  a  servo  motor  controlled  by  a 
magnetic-compass  follower.86 

During  the  tests  on  the  Aide  de  Camp  considerable 
attention  was  given  to  console  design  factors,  in  par¬ 
ticular,  the  size  and  relative  position  of  the  PPI  with 
respect  to  the  operator.  The  following  general  con¬ 
clusions  were  drawn: 

1.  A  7-inch  scope  was  more  desirable  than  a  12- 
inch. 

2.  The  mechanical  cursor  was  very  useful. 

3.  The  true-bearing  display  could  be  obtained 
readily  with  the  DG  synchro  in  the  sweep  cir¬ 
cuit,  but  the  display  was  confusing  to  the  oper¬ 
ator. 


4.  The  electronically  brightened  range  marks67 
were  unsatisfactory  because  of  the  bright  flash  of 
light  which  distracted  the  operator. 

Following  the  Aide  de  Camp  tests,  the  12-inch 
scope  PPI  was  removed  from  the  ship  and  mounted 
in  a  mockup  console,  and  used  for  tests  and  demon¬ 
strations  of  PPI  tube  size  versus  bearing  accuracy.68’ 69 

5-5-4  QH  Sonar,  Model  1  Indicator 
Console 

The  Model  1  QH  Sonar  was  installed  and  tested  on 
the  USS  Sardonyx  and  later  on  the  USS  Cythera 
(see  Section  5.2.3  of  this  chapter).  In  this  system  (Fig¬ 
ure  64)  the  indicator  control  unit  for  the  sonar  oper¬ 
ator  was  built  in  the  form  of  a  console  (Figure  65).  A 


Figure  65.  Console,  QFI  scanning  sonar.  Model  1. 
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Ek.i  rf  ()(>.  Repeater  I*  1*1  and  speaker,  QH  scanning, 
sonar.  Model  1. 


remote  PPI  and  loudspeaker  were  also  provided  (see 
Figure  66).  This  was  the  first  attempt  to  design  a  com¬ 
plete  operational  CR  sonar  system. 

The  console  was  45  inches  high,  18  inches  wide, 
and  21  inches  deep  overall.  The  sloping  panel  con¬ 
taining  the  scope  and  controls  made  an  angle  of  37 1/2 
degrees  with  the  horizontal.  It  was  designed  so  that 
when  the  operator  was  seated  before  the  console,  the 
PPI  scope  would  be  in  such  a  position  with  respect  to 
the  operator’s  head  that  he  could  readily  view  the 
screen.  The  operating  controls  are  indicated  in  Fig¬ 
ure  65.  The  following  recessed  controls  were  located 
behind  a  hinged  lid  on  the  sloping  panel: 

1.  Bearing-scale  light  switch,  bright  or  dim. 

2.  Scope  intensity  control. 

3.  Range-circles  brightness  control. 

In  addition  to  the  PPI  the  operator  also  had  other 
indicators  in  the  listening  rotor  repeat-back  bearing 
dial  and  the  loudspeakers.  These  arc  also  shown  in 
Figure  65.  The  CRO  focus  control  was  located  inside 
the  console  and  was  reached  through  the  top  lid. 
Other  controls  in  the  console  were  not  considered  as 
operational  controls  and  arc  treated  in  other  sec¬ 


tions  of  this  chapter.  The  remote  indicator  had  an 
on-off  switch,  a  pilot  light,  and  an  intensity  control 
(see  Figure  66).  In  order  to  make  all  parts  readily  ac¬ 
cessible  for  maintenance,  all  chassis  were  hinged  to 
swing  outward  (see  Figure  67). 

The  PPI  tubes  in  both  the  console  and  repeater 
were  type  7BP7,  equipped  with  3-phase  deflection- 
coil  assemblies  which  were  stators  of  size  5  synchros. 


Ik.cri  f>7.  Open  console.  QH  scanning  sonar,  Model  1. 
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The  power  supplies  for  the  console  scope  were 
mounted  on  a  chassis  in  the  lower  part  of  the  console, 
as  shown  in  Figure  67. 

The  hand-training  unit  for  the  listening  commuta¬ 
tor  (see  Figure  64)  contained  a  5  CT  synchro  geared 
to  the  manual  knob  and  a  5F  synchro  to  drive  the 
repeat-back  dial.  The  console  scope-bearing  cursor 
and  scale  were  edge-lighted  to  permit  the  operator  to 
see  the  cursor  and  the  bearing  marker  at  the  end  of 
the  cursor. 

Since  the  center  of  gravity  of  the  console  was  prac¬ 
tically  over  the  front  rubber  mountings,  a  base  was 
provided  to  prevent  it  from  tipping  forward  when 
not  fastened  down.  This  also  served  as  a  footrest  (see 
Figure  65). 

There  were  several  defects  in  the  console  design. 
At  the  time  the  design  of  the  console  was  started,  the 
importance  of  the  listening  channel  was  not  realized, 
and  hence  none  was  at  first  provided.  Consequently, 
there  was  neither  sufficient  space  within  the  console 
to  mount  the  listening  receiver  and  associated  parts, 
nor  room  on  the  front  panel  to  place  the  training 
control,  speakers,  or  bearing  indicator.  The  training 
control  and  bearing  dial  were,  therefore,  not  easily 
accessible.  The  loudspeakers  were  placed  one  on  each 
side  of  the  console.  This  made  it  very  difficult  to  hear 
the  audio  output  signals  since  they  were  beamed 
away  from  the  operator. 

The  range  marks  proved  to  be  unsatisfactory,  be¬ 
cause  they  were  confusing  rather  than  helpful  in  esti¬ 
mating  range.  The  design  of  the  keying  circuits  was 
such  that  the  system  could  not  readily  be  keyed  by  a 
chemical  recorder.  While  it  was  not  realized  at  the 
time,  the  ganging  of  the  on-off  switch  with  the  range 
selector  was  undesirable  because  the  equipment 
could  be  turned  off  inadvertently  during  an  attack 
run  and  the  time  delay  would  disable  the  equipment 
for  an  appreciable  length  of  time.  Absence  of  main¬ 
tenance  of  true  bearing  on  both  the  scope-bearing 
console  and  the  hand-training  unit  for  listening  was 
evident. 

5.5.5  Model  2  Console  and  Repeater 

Figure  68  shows  the  functional  position  of  the 
Model  2  console,  remote  indicator,  and  range  record¬ 
er  in  the  complete  system.70  Figures  69,  70,  and  71 
show  the  console  and  remote  indicator.  Figure  72 
shows  the  front  panel  of  the  control  unit  in  greater 
detail.  With  this  model  all  defects  mentioned  for 


Figure  68.  Arrangement  of  units  in  QH  scanning  sonar, 
Model  2. 


Model  1  were  corrected  with  the  exception  of  the 
ganging  of  the  on-off  switch  with  the  range  selector. 
In  addition,  other  improvements  were  made,  such 
as  reduction  of  the  number  of  operational  controls, 
addition  of  the  bearing  and  range  cursor  on  the  re¬ 
mote  indicator,  and  greater  reliability  in  the  elec¬ 
tronic  circuits  and  components. 

The  console  was  of  the  same  general  shape  and  con¬ 
struction  as  the  Model  1  console.  It  differed  in  the 
following  respects,  however: 

The  hand-training  wheel  was  located  on  the  lower 
right  corner  of  the  front  panel.  This  positioned  the 
bearing  cursor  through  a  36-to-l  gear  reduction  and 
differential  gearing,  thus  permitting  changes  in  ship’s 
course  to  be  added  by  a  servo  system  controlled  by 
the  ship’s  gyrocompass.  By  this  means,  MTB  was  ap¬ 
plied  to  the  cursor.  The  cursor  was  a  transparent  strip 
having  engraved  radial  lines  about  20  degrees  apart 
and  a  range  scale  consisting  of  engraved  arcs  at  inter¬ 
vals  corresponding  to  100,  250,  and  500  yards  respec¬ 
tively  for  range  selection  settings  of  1,500,  3,700,  and' 
7,500  yards. 

Both  the  scanning  and  listening  channels  were  con¬ 
trolled  by  a  common  gain  control.  The  hand  key  was 
moved  to  the  front  panel  and  located  behind  a 
hinged  door  (see  Figures  69  and  70).  A  switch  to  trans- 
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Figure  69.  Repeater  and  console  closed,  QH  scanning 
sonar.  Model  2. 


.  Jl 


Figure  70.  Repeater  and  console  open,  QH  scanning 
sonar.  Model  2. 


fer  keying  control  from  the  console  to  the  chemical 
recorder  was  added.  The  on-off  and  range  selector 
switch  was  provided  with  lights  indicating  the  posi¬ 
tion  of  the  switch.  The  above  five  controls  were  the 
only  ones  reejuired  for  operation.  Scope  adjustments, 
namely,  range  start,  range  limit,  focus,  and  intensity, 
were  accessible  by  lowering  the  power-supply-sweep 
chassis  (lower  left  side  of  console).  These  may  be  seen 
in  Figure  70.  The  loudspeaker  was  placed  on  the  front 
panel. 

The  cursor  and  true-bearing  scales  tended  to  stick 
and  consequently  not  follow  accurately.  Because  the 
drive  was  mechanically  complicated,  careful  align¬ 
ment  and  accuracy  of  construction  were  required  to 
prevent  this  difficulty.  Figure  73  is  a  schematic  dia¬ 
gram  of  the  training  system  with  its  associated  deflec¬ 
tion  circuits.  All  synchros  were  standard  with  the  ex¬ 
ception  of  the  sweep  generator,  which  was  a  5  CT 
with  its  rotor  rewound  for  higher  impedance  and 
equipped  with  special  brushes  for  high-speed  rota¬ 
tion.  The  deflection  coils  were  5  CT  stators  especially 
wound  for  higher  impedance. 


Figure  71.  Rear  view  of  repeater  and  console,  QH  scan¬ 
ning  sonar,  Model  2. 
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Figure  72.  Operator's  view  of  console  panel,  QH  scan¬ 
ning  sonar,  Model  2. 


The  remote  indicator  had  a  PPI  scope  with  cursor 
and  bearing-dial  assembly  similar  to  that  in  the  oper¬ 
ator’s  console.  Two  controls  were  provided,  audio 
gain  (including  on-off  switch)  and  scanning  gain  con¬ 
trol.  A  speaker  was  provided  in  the  front  panel.  The 
remote  indicator  was  rather  large,  because  of  the 
presence  of  synchros  and  other  iron-cored  compo¬ 
nents  which  had  to  be  kept  away  from  the  cathode- 
ray  tube  to  prevent  their  fields  from  causing  spurious 
deflections. 

The  second  anode  power  supply  for  the  console 
scope  was  located  on  the  lower  left  chassis  of  the  con¬ 
sole  (see  Figure  70).  The  schematic  diagram  of  this 
power  supply  is  shown  in  Figure  107.  Figure  74  shows 
the  schematic  diagram  for  the  remote  indicator  pow¬ 
er  supply.70 

Four  servo  amplifiers  were  used  in  the  system. 
These  were  all  identical  and  readily  replaceable  or 
interchangeable.  Figure  75  is  a  schematic  diagram  of 
these  amplifiers. 

The  range  marks  on  the  mechanical  cursor  were 
difficult  to  interpret  because  of  the  choice  of  selected 
range1,  which  gave  multiplying  factors  of  2.5  and  5 
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I" iouri:  7-1.  Circuit  diagram  of  repealer  power  supply,  t'lct'Ri:  75.  Circuit  diagram  of  servo  amplifier,  Model  3. 

QH  scanning  sonar.  Model  2. 


for  the  longer  ranges.  The  particular  choice  of  range 
limits  was  based  on  those  used  in  the  standard  chem¬ 
ical  range  recorder,  which  could  key  the  system  dur¬ 
ing  attack  runs.  The  cursor  was  supported  by  a  ring 
rotating  about  the  center  of  the  scope  face,  which 
also  carried  a  diamond-shaped  bug  to  indicate  cur¬ 
sor  bearing.  Outside  the  ring  there  was  a  fixed  rela¬ 
tive-bearing  scale  and  inside  was  a  true-bearing  scale 
positioned  by  the  same  servo  system  which  drove  the 
differential  gearing  for  the  handwheel  and  cursor. 

Some  of  the  defects  of  this  system  were  as  follows: 

1.  There  was  considerable  backlash  in  the  hand¬ 
training  wheel. 

2.  The  true-bearing  scale  and  the  cursor  would 
sometimes  stick,  making  them  inaccurate. 

3.  Some  difficulties  were  experienced  with  the 
lighting  of  the  cursor  and  bearing  scales. 

4.  The  ganging  of  the  on-ofT  switch  with  the  range 
selector  was  undesirable. 

5.  No  lighting  was  provided  for  the  keying  selector 
switch  (local  or  remote).  If  thrown  to  remote  (re¬ 
corder)  when  the  recorder  was  not  keying,  the  beam 
would  go  off  the  screen  and  the  current  in  the  sweep 
tubes  would  become  excessive.  A  limiter  should  have 
been  provided. 

6.  No  hoist  control  was  provided. 

7.  The  speaker  on  the  remote  indicator  was  inade¬ 
quate. 

In  general,  however,  the  indicators  on  this  system 


performed  very  well.  The  console  design  was  good, 
and  accessibility  for  maintenance  was  excellent.  The 
equipment  was  reasonably  independent  of  line  volt¬ 
age  variation  effects. 

5.5.6  indicators  for  26-kc  Depth-Scanning 
Sonar 

The  2fi-kc  depth-scanning  sonar71  was  set  up  to 
test  the  performance  of  a  complete  depth-scanning 
system  so  that  information  would  be  available  for  de¬ 
signing  the  integrated  Type  B  sonar  (sec  Chapter  6), 
in  which  depth  scanning  would  be  combined  with 
azimuth  scanning.  There  were  no  particular  changes 
in  the  indicators,  descriptions  of  which  are  given  in 
Chapter  6. 

5-5-7  XQHA  Indicators 

The  Model  XQHA  scanning  sonar  indicators  in¬ 
cluded  the  following  units: 

1.  The  indicator  control  unit  (console) 

2.  The  remote  indicator 

3.  The  chemical  range  recorder 

4.  The  loudspeakers 

5.  The  remote-bearing  indicator 

The  reader  may  refer  to  the  block  diagram  in  Figure 
76  for  the  functional  relations  of  the  indicators  to  the 
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Figure  76.  Block  diagram  of  Model  XQHA  scanning  sonar. 


system.  As  this  system  is  described  in  detail  in  refer¬ 
ence  1  and  briefly  at  the  beginning  of  this  chapter, 
only  the  chief  essentials  of  the  indicators  are  de¬ 
scribed  here. 

The  following  innovations  were  introduced  into 
the  XQHA  equipment: 

1.  An  electronic  cursor  replaced  the  mechanical 
cursor  of  Model  2.  This  eliminated  three  of  the  four 
servo  systems  of  Model  2  and  reduced  mechanical 
gearing  problems  at  the  expense  of  requiring  addi¬ 
tional  tubes  and  relays. 

2.  The  true-bearing  indicator  was  a  dial  below  the 
scope  and  was  designed  so  that  only  that  portion  of 
the  dial  was  visible  which  was  near  the  true  bearing 
to  be  read. 

3.  Instead  of  having  the  cursor  repeat  the  position 
of  the  commutator,  a  neon  lamp  indicated  whether 
or  not  the  servo  system  was  satisfied.  The  operator 


was  able  to  position  the  cursor  quickly  to  determine 
new  target  bearings. 

4.  A  battle-damage  switch  was  provided  to  shift 
from  true  bearings  to  relative  bearings  in  the  event  of 
failure  of  the  ship’s  gyrocompass  system. 

5.  Controls  and  indicator  lamps  were  provided  for 
the  hoisting  and  lowering  of  the  transducer. 

6.  An  indicator  was  provided  to  show  whether 
keying  was  done  by  the  control  unit  or  the  recorder. 
Control  of  change-over  was  placed  at  the  recorder. 

7.  A  separate  on-off  switch  was  used  to  reduce  the 
likelihood  of  inadvertent  shutdown  of  equipment 
during  an  attack  run. 

8.  Provision  was  made  to  determine  on  the  PPI 
screen  the  transmitted  pulse  length  in  terms  of  rota¬ 
tion  period. 

The  indicator  control  unit,  shown  in  Figures  77 
and  78,  was  the  operating  station  of  the  complete 
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Figure  77.  Indicator  control  unit,  Model  XQHA  scan-  Figure  78.  Indicator  control  unit  open,  Model  XQHA 

ning  sonar.  scanning  sonar. 


system.  It  contained  the  PPI  controls  and  was  de¬ 
signed  to  conserve  space.  The  elements  of  the  unit 
were: 

1.  The  cabinet  assembly 

2.  Control  panel  assembly 

3.  Power  supply  and  keying  chassis 

4.  PPI  tube  assembly 

5.  The  deflection  chassis 

6.  The  second  anode  power  supply 

The  cabinet  construction  may  be  deduced  from 
Figures  77  and  78.  The  PPI  tube  assembly  is  shown 
in  Figure  79.  The  following  controls  and  indicators 
were  located  on  the  main  control  panel: 


1.  PPI  screen  surrounded  by  relative-bearing  scale. 

2.  Bearing  indicator  dial  (normally  would  show 
true  bearing  of  listening  channel  when  MTB 
switch  is  changed  to  on). 

3.  Transducer  hoist  and  lower  control  buttons  and 
indicator  lamps. 

4.  Indicator  light  to  indicate  condition  of  listening 
commutator  servo  system  (whether  listening 
channel  is  trained  to  position  indicated  by  cur¬ 
sor). 

5.  Power  switch  and  pilot  light. 

6.  Local-remote  keying  indicator  light  and  switch. 

7.  Push  button  switch  for  electronic  cursor. 


CONFIDENTIAL 


INDICATORS 


165 


Figure  79.  CRO  tube  assembly,  Model  XQHA  scanning 
sonar. 


8.  Range  selector  toggle  switch. 

9.  Gain  control  for  scanning  and  listening  chan¬ 
nels. 

10.  Hand-training  knob  for  training  listening  beam 
and  positioning  cursor. 

1 1.  Hand  key  for  communication  purposes. 

The  true  bearing  dial  was  mounted  on  the  spindle 
of  a  5  DG  synchro  whose  position  determined  the 
cursor  position,  and  whose  electric  order  controlled 
the  training  of  the  listening  commutator.  The  stator 
of  the  5  DG  was  connected  to  the  ship’s  gyro  while  its 
rotor  was  driven  mechanically  by  the  training  knob. 
A  clutch-and-gear  assembly  permitted  two  rotation 
speeds  of  the  synchro  rotor  by  the  knob,  18:1  and  1:1. 
The  higher  speed  was  chosen  by  pushing  the  knob  in 
before  rotating  it. 

When  properly  aligned,  the  output  of  the  synchro 
rotor  was  an  electric  order  representing  the  relative 
bearing  of  the  electronic  cursor  and  the  relative  bear¬ 
ing  of  the  listening  beam  of  sensitivity  (if  the  neon 
lamp  were  not  lighted).  The  bearing  shown  on  the 
bearing  card  was  the  true  bearing  of  the  cursor  and 
commutator.  Because  changes  of  the  ship’s  course 
were  introduced  by  the  gyro  order,  the  true  bearing 
of  the  cursor  and  listening  commutator  remained 
constant  if  the  hand-trained  knob  was  not  turned 
(MTB). 

The  PPI  indicator  plot  was  in  relative  bearing, 
since  the  sweep  generator  was  geared  directly  to  the 


Figure  80.  View  of  deflection  chassis,  Model  XQHA 
scanning  sonar. 


shaft  of  the  scanning  commutator.  The  generator 
was  so  adjusted  that  the  000-degree  relative  bearing 
was  at  the  top  of  the  screen. 

Figures  80  and  81  are  photographs  of  the  deflec¬ 
tion  chassis  and  the  second  anode  power  supply  for 
the  PPI  tube.  The  deflection  chassis  contained  the 
following  controls:  potentiometer  controls  for  PPI 
intensity  and  focus,  sweep  start  and  limit  control, 
and  the  electronic-cursor-line  balance  control  and  in¬ 
tensity  control.  Figure  82  shows  a  schematic  diagram 
of  the  circuits  involved  in  keying,  the  PPI  tube  dis¬ 
play,  and  the  electronic  cursor,  as  well  as  the  PPI  tube 
power  supplies.  Figure  83  is  a  schematic  diagram  of 
the  circuits  concerned  with  the  directional  control  of 
the  scanning  and  listening  beams  of  receiving  sensi¬ 
tivity. 


Figure  81.  View  of  second  anode  supply,  Model  XQHA 
scanning  sonar. 
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Photographs  of  the  remote  indicator  unit  are 
shown  in  Figures  81  and  8.5  and  a  photograph  of  the 
remote  indicator  control  chassis  in  Figure  86.  Con¬ 
trols  for  intensity,  focus  brightening  level,  and 
speaker  volume  were  provided. 

A  standard  CAN-55139  chemical  range  recorder 
was  used.  When  the  main  control  switch  of  the  re¬ 
corder  was  turned  to  on,  contacts  operated  a  relay  in 
the  indicator  control  unit,  switching  the  control  of 
keying  to  the  recorder  which  supplied  a  positive  pulse 
to  initiate  the  keying  cycle.  The  listening  receiver 
supplied  the  echo  signals  to  mark  the  recorder.  Pro¬ 
vision  was  made  to  energize  a  standard  bulkhead- 
mounted  bearing  repeater  if  desired. 

Operation  with  the  indicators  of  the  Model  XQHA 
scanning  sonar  was  satisfactory.  'Flic  electronic  cur¬ 
sor  proved  convenient,  and  its  simplicity  and  lack  of 
parallax  were  appreciated  by  operators.  In  prelimi¬ 
nary  tests  in  the  spring  of  1915  accuracies  of  ±  1  de¬ 
gree,  with  respect  to  pelorus  bearings,  were  indicated 
and  extensive  tests  to  obtain  further  data  were 
planned.  BDI  was  added  and  performed  as  well  as 
with  searchlight-type  sonar;  tests  were  planned  to  de¬ 
termine  whether  or  not  its  inclusion  was  justified  in 
terms  of  increased  accuracy  or  ease  of  operation. 

5-5-8  Geographic  Plot 

To  investigate  the  possibilities  of  geographic  plot¬ 
ting  with  scanning  sonar,  changes  were  made  in  a 
General  Electric  attack  plotter  [ASAP],72  Mark  I, 
Mod.  2,  Serial  556,  to  adapt  it  for  use  with  QH  gear.7'1 
Laboratory  tests  using  OTE  5, 28  Serial  1,  were  made 
and  also  shipboard  tests  on  USS  Cythf.ra  in  conjunc¬ 
tion  with  QH  sonar  Model  1,  Serial  l.74  Further  tests 
were  conducted  in  the  spring  of  1945  in  conjunction 
with  the  Model  QFA-5  attack  teacher.28 

Changes  were  made  on  the  echo-amplifier  chassis 
and  the  sweep  chassis  of  the  ASAP.  Those  in  the  echo 
amplifier  will  be  described  first.  Because  the  ampli¬ 
tude  of  the  signal  from  the  receiver  of  the  QH  sonar 
was  sufficient  for  brightening  the  cathode-ray  tube  in 
the  ASAP,  it  would  have  been  possible  to  apply  this 
signal  directly  to  the  ASAP  grid  without  an  interven¬ 
ing  amplifier.  However,  since  the  time  required  to 
put  on  own-ship’s  spot  and  the  predictor  line  was 
somewhat  greater  than  the  blanking  time  on  the  QH 
sonar,  it  was  necessary  to  incorporate  a  special  circuit 
in  the  ASAP  for  blanking  out  indication  on  the  ASAP 
for  the  time  taken  for  own-ship’s  spot  and  the  elec¬ 


tronic  predictor  line.  The  modification  required  to 
perform  this  operation  is  shown  in  Figure  87.  Tube 
V303  is  a  cathode  follower  which  feeds  the  signal  to 
the  cathode-ray  tube  grid.  The  other  half  of  V303  is 
connected  as  a  diode  limiter  to  keep  excessive  signal 
level  from  being  applied  to  the  CRO  grid.  Blanking 
is  accomplished  by  connecting  the  grid  of  the  cathode- 
follower  tube  to  a  bleeder,  one  end  of  which  is  con¬ 
nected  to  the  negative  bias  supply  voltage,  and  the 
other  end  to  the  plate  of  V304.  This  thvratron  tube 
fired  when  the  relays  were  thrown  in  the  ASAP,  and 
its  plate  potential  thus  fell  to  a  very  low  value.  When 
this  operation  occurred,  the  grid  bias  of  the  cathode 
follower  was  dropped  to  cutoff  value.  This  kept  any 
signal  from  the  QFI  receiver  from  arriving  at  the  grid 
of  the  cathode-ray  tube  during  the  time  when  the  re¬ 
lays  in  the  ASAP  were  being  operated. 

In  order  to  retain  the  short-echo  feature  of  the 
ASAP,  the  signal  from  terminal  No.  329  furnished 
the  input  for  a  three-stage  amplifier  in  ■which  double 
differentiation  of  the  echo  pulse  occurred.  The  out¬ 
put  of  this  amplifier  was  applied  to  terminal  No.  324 
of  the  full-echo  switch.  Short  echo,  which  gave  a 
narrower  peak  to  the  echo  pulse  generated  by  the 
QFI  receiver,  was  thus  provided.  It  was  found  that 
this  narrow  peak  was  about  half  the  width  of  the  or¬ 
dinary  pulse  and  was  centered  on  the  peak  of  the  ori¬ 
ginal  pulse  as  closely  as  could  be  ascertained.  How¬ 
ever,  even  the  shorter  pulse  obtained  with  this  double 
differentiating  arrangement  was  not  short  enough  to 
duplicate  the  normal  appearance  of  the  ASAP  indi¬ 
cation,  and  unless  a  method  of  obtaining  an  even 
shorter  pulse  can  be  developed,  the  attempt  to  short¬ 
en  the  normal  scanning  pulse  is  probably  not  worth 
while. 

The  other  changes  were  made  on  the  sweep  chassis 
in  such  a  way  as  to  allow  the  spiral  sweep  to  be  ap¬ 
plied  to  the  sweep  coils  of  the  cathode-ray  tube  in 
place  of  the  original  linear  sweep.  Those  changes  are 
quite  simple  in  form  and  may  be  seen  in  Figure  88. 
The  sweep  signal  from  the  QH  spiral-sweep  generator 
was  fed  through  the  5  SCT  synchro,  to  the  Scott-con¬ 
nected  transformers  built  into  the  ASAP.  The  sweep 
signal  was  fed  directly  through  R504  to  terminal  8  on 
relay  A. 

In  order  to  return  own-ship’s  spot  to  the  center  of 
the  circle  each  time  a  pulse  was  transmitted,  the  in¬ 
ductor  L502  was  replaced  by  the  secondary  of  a  trans¬ 
former,  Audio  Development  Type  A3920.  Additional 
circuits  were  so  arranged  that  a  capacitor  was  dis- 
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Figure  82.  Circuit  diagram  of  keying  and  C.RO  control.  Model  i 


Jying  and  C.RO  control.  Model  XQHA  scanning  sonar. 
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Figure  84.  Remote  indicator  unit,  Model  XQHA  scan-  Figure  85.  Interior  view  of  remote  indicator  unit,  Model 

ning  sonar.  XQHA  scanning  sonar. 


charged  through  the  primary  of  this  transformer  at 
the  time  of  the  ping,  and  this  oscillatory  discharge  de¬ 
magnetized  the  deflection  coils  on  the  scope,  and  thus 
allowed  own-ship’s  spot  to  return  to  the  correct  posi¬ 
tion  each  time.  Figure  88  shows  at  B  the  manner  in 
which  two  of  these  transformers  were  connected  in 
series  so  that  a  single  0.1-/if  capacitor  could  be  dis¬ 
charged  through  their  primaries.  The  additional  re¬ 
lay  charged  a  capacitor  during  the  listening  period 
and  discharged  it  at  each  pulse  transmission.  Since 
the  horizontal  and  vertical  deflection  sweep  circuits 
in  the  ASAP  were  exactly  alike,  only  one  of  these  has 
been  diagrammed  in  Figure  88.  No  change  was  made 
in  the  electronic  predictor  line.  These  changes  per¬ 
mitted  the  retention  of  all  normal  ASAP  functions. 
It  was  also  possible  to  replace  quickly  the  two  modi¬ 
fied  chassis  by  standard  units. 

The  equipment  was  installed  on  USS  Cythera. 
Two  methods  of  connection  were  tried.  First,  the 
standard  ASAP  chassis  were  inserted  and  the  ASAP 
connected  to  the  listening  channel  of  the  QH  gear. 
The  5  SCT  synchro  normally  used  to  change  the  rela¬ 
tive  bearing  of  the  projector  to  true  bearing  was  used 


to  change  the  relative  bearing  of  the  cursor  to  true 
bearing.  This  was  done  by  applying  the  signal  from 
the  cursor  generator  synchro  to  the  5  SCT  stator  and 
driving  the  5  SCT  rotor  shaft  by  means  of  a  5  F  syn¬ 
chro  energized  by  the  gyro  system,  the  true-bearing 
signal  coming  from  the  5  SCT  winding.  The  plotter 
was  synchronized  without  any  difficulty  with  a  signal 
from  the  keying  circuit  of  the  QH  gear.  With  this 
arrangement  the  appearance  of  the  ASAP  screen  was 
essentially  the  same  as  that  obtained  when  using  ardi- 
nary  QC  gear.  The  attack  plotter  when  operated  in 
this  manner  appeared  to  be  entirely  satisfactory. 

Following  this,  the  modified  echo  and  sweep  chas¬ 
sis  were  installed  in  the  ASAP.  The  5  SCT  was  recon¬ 
nected  to  place  its  windings  between  the  QH  plan 
position  indicator  deflection  circuit  and  the  ASAP 
input,  still  using  the  5  F  to  drive  the  rotor  shaft  with 
gyro  order.  Some  difficulty  was  encountered  here  be¬ 
cause,  when  the  5  SCT  was  connected  so  as  not  to 
cause  serious  loading  of  the  sweep  generator  circuit, 
the  spiral  amplitude  on  the  plotter  was  insufficient. 
When  the  connections  to  the  5  SCT  were  reversed, 
sufficient  amplitude  was  obtained  to  give  a  suitable 
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Figure  86.  View  of  remote  indicator  control  chassis, 
Model  XQHA  scanning  sonar. 


spiral  on  the  ASAP,  but  the  amplitude  of  the  spiral 
on  the  QH  PPI  scope  was  reduced  by  about  50  per¬ 
cent.  A  dummy  load  was  necessary  for  proper  opera¬ 
tion  of  the  QH  PPI  deflection  circuit  when  the  5  SCT 
was  removed.  Further  complications  were  introduced 
when  range  was  changing  on  the  QH  screen.  The  ap¬ 
pearance  of  the  screen  of  the  ASAP  was  different  from 
that  of  the  QH  despite  the  fact  that  they  were  both 
driven  from  the  same  spiral-sweep  generator.  This 
was  probably  caused  by  differences  in  the  brightening 
circuits  for  the  two  cathode-ray  tubes. 

Unfortunately,  no  time  was  available  for  making 
sea  test  runs  with  this  equipment,  because  USS  Cy- 
thera  went  to  drydock  for  installation  of  the  2G-kc 
depth-scanning  sonar. 

56  RECEIVERS 

The  receivers  used  in  the  scanning  and  listening 
channels  of  the  various  CR  scanning  sonars  will  be 
described  in  this  section.  Preamplifiers,  although  as¬ 
sociated  physically  with  the  commutators,  are  func¬ 
tionally  parts  of  the  receivers,  and  will  be  included. 


5-6-'  Scanning  Receiver  for  Medusa 
System 

The  receiver  used  was  a  TRF  type,  with  fixed  tun¬ 
ing  at  14  kc  and  nine  tubes.  It  had  been  used  previ¬ 
ously  with  the  MR  scanning  sonar,  and  a  detailed 
description  is  given  in  Chapter  4.  The  preamplifier 
was  attached  to  the  commutator  assembly.75 

5.6.2  Scanning  Receiver  for  Auditorium 
System 

The  second  receiver  was  built  for  use  in  the  audi¬ 
torium  demonstration  system,  but  was  later  used  in 
conjunction  with  the  Aide  de  Camp  system.  It  was  a 
seven-tube  receiver  of  the  TRF  type.  Signal  was  fed 
to  a  500-ohm  input  transformer  hat  ing  a  tuned  sec¬ 
ondary  with  a  potentiometer  across  it  to  provide 
manual  gain  control.  The  first  stage  used  a  6SG7 
amplifier  with  a  doubly  tuned  transformer  coupling 
its  plate  circuit  to  the  next  stage  which  was  also  a 
6SG7  pentode  amplifier.  This  second  amplifier  stage 
was  resistance-capacitance  coupled  to  a  6H6  rectifier 
tube.  The  output  of  the  rectifier  (positive  pulse)  was 
capacitance-coupled  to  the  receiver  load.  The  second 
set  of  elements  in  the  6H6  tube  was  used  as  a  limiter 
and  was  controlled  by  returning  the  cathode  to  a 
positive  point— the  arm  of  a  potentiometer  between 
15+  and  ground.  TVG  was  applied  to  the  grid  of  the 
first  6SG7.  The  power  supply  was  regulated  by  two 
VR105  tubes  in  series. 


Ik. vrt:  87.  Circuit  diagram  of  modifications  in  ASAP 
echo  chassis. 
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Figure  88.  Circuit  diagram  o£  modifications  in  ASAP  sweep  chassis. 


One  innovation  in  this  receiver  was  a  scheme  for 
varying  its  gain  in  accordance  with  the  sawtooth  ex¬ 
citation  on  the  spiral-sweep  generator.  Because  the 
angular  velocity  of  the  spiral  sweep  was  constant,  the 
tangential  speed  of  the  spot  on  the  indicator  screen 
increased  with  the  radius.  This  resulted  in  lowered 
intensity  and  reduced  persistence  as  the  radius  in¬ 
creased.  To  overcome  this,  the  sawtooth  voltage, 
which  had  a  negative  slope,  was  fed  through  a  poten¬ 
tiometer  control  to  the  grid  of  a  6J5  triode.  The  ca¬ 
thode  of  this  tube  was  grounded  and  its  plate  tied  to 
the  screen  of  the  second  6SG7  amplifier  tube;  a  series 
resistor  connected  the  screen  to  the  B+  supply. 
Through  variation  of  the  plate  resistance  of  the  6J5 
tube,  the  screen  potential  was  varied  so  as  to  increase 
the  receiver  gain  in  direct  proportion  in  the  sweep 
radius.  A  second  pair  of  contacts  on  the  TVG  relay 
grounded  the  screen  of  the  6SG7  to  blank  the  receiver 
during  transmission. 

The  r-f  tuning  was  adjusted  to  center  the  pass 
band  at  about  23  kc.  The  coil  coupling  was  adjusted 
to  flatten  the  top  of  the  selectivity  curve  (slightly 


greater  than  critical  coupling).  The  band  width  at 
—  6  db  was  1,900  cycles,  and  at  —  20  db,  2,500  cycles. 

The  preamplifier  for  this  system  used  two  tubes. 
The  first  was  a  6SG7  pentode  amplifier.  A  doubly 
tuned  transformer  coupled  the  plate  of  the  6SG7  to 
the  grid  of  a  6SJ7  tube  connected  as  a  cathode  follow¬ 
er  to  give  a  low  output  impedance.  A  10,000-ohm  to 
25,000-ohm  transformer  connected  the  preamplifier 
to  the  commutator  output  terminals. 

5-6,3  SLC  Brightening  Receiver 
(Aide  de  Camp  MR  System) 

It  had  been  proposed  that  SLC  brightening 
schemes  might  accomplish  a  sharpening  of  the  PPI 
trace,  improve  the  signal-to-reverberation  noise  ratio, 
and  improve  the  gain-control  operation  in  a  scanning 
system.76  To  test  the  possibilities  of  such  a  scheme,  a 
Model  X-3  BDI  was  modified  for  use  as  an  SLC 
brightening  receiver  for  the  MR  scanning  sonar. 
This  receiver  and  its  operation  are  described  in 
Chapter  4  in  connection  with  the  MR  sonar. 
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Figure  89.  Rear  view  of  chassis  II  and  C  of  receiver. 
Aide  de  Camp  ER/CR  scanning  sonar. 

5.6.4  Scanning  Receivers  Used  with 
Aide  de  Camp  ER/CR  Scanning  Sonar 

During  the  summer  and  fall  of  1013,  the  compon¬ 
ents  of  an  ER/CR  system  were  built  and  installed  on 
the  Aide  de  Camp.  (A  block  diagram  of  this  system  is 
shown  in  Figure  5.)  Although  it  was  called  the  Aide 
de  Camp  ER/CR  system,  several  different  types  of 
receivers  were  built  and  tested  with  it.  Descriptions 
of  two  of  these  are  given  on  the  following  pages. 

Chassis  A,  B,  and  C  Receiver 

This  particular  receiver  was  so  named  because  it 
consisted  of  three  chassis  labelled  A,  B,  and  C.  Chassis 
A  was  the  preamplifier;  chassis  B  held  the  r-f  and  i-f 
portions  of  an  X-3  type  of  SLC  circuit;  chassis  C  con¬ 
tained  the  detectors,  difference  amplifier,  differen¬ 


tiator,  and  pulse  amplifiers.  Photographs  of  chassis 
B  and  C  arc  presented  in  Figures  89,  90,  and  91.  Sche¬ 
matic  wiring  diagrams  of  the  chassis  units  arc  shown 
in  Figures  92,  93,  and  9-1,  respectively. 

As  initially  designed,  the  preamplifier  contained 
two  signal  channels,  each  using  a  10,000-ohm  to  25,- 
000-ohm  input  transformer  with  a  6J5  cathode  fol¬ 
lower.  However,  as  tests  indicated  a  need  for  im¬ 
proved  selectivity  to  reduce  noise,  the  preamplifier 
was  redesigned  to  incorporate  a  band-pass  filter  and 
to  increase  the  gain  (see  Figure  95).  With  this  changed 
design  the  preamplifier  had  a  gain  of  35  db  at  23  kc. 
Flic  dynamic  range  was  61  db,  and  the  maximum  un- 
distorted  signal  output  was  3.8  volts  when  loaded 
with  the  chassis  B  input  circuits. 

In  the  first  design  of  chassis  B  (see  Figure  92),  the 
two  channels  each  had  an  input  transformer  with  a 
tuned  secondary,  from  which  the  23-kc  signals  were 
applied  to  the  grids  of  two  6.SG7  mixer  tubes.  Oscil¬ 
lators  at  30  kc  and  33  kc  fed  the  screens  of  these  mix¬ 
ers,  and  in  their  plate  circuits  were  located  band-pass 
filters  centered  at  7  kc  and  10  kc.  The  outputs  from 
these  filters  were  fed  to  a  common  balance-control 
potentiometer  and  a  common  manual-gain-control 
potentiometer.  The  combined  7-kc  and  10-kc  signals 
were  amplified  in  two  stages  of  resistance-coupled  am¬ 
plification  using  6SG7  pentodes,  and  then  fed  to  chas¬ 
sis  G.  Automatic  gain  control  was  accomplished  by 
varying  the  bias  on  the  signal  grids  of  the  two  6SG7 
tubes.  Some  of  the  signal  appearing  at  the  chassis  B 
output  terminals  was  fed  back  to  the  grid  of  a  6N7 


Figure  90.  Top  view  of  chassis  B  of  receiver,  Aide  de  Figure  91.  l  op  view  of  chassis  G  of  receiver.  Aide  df. 

Camp  ER/CR  scanning  sonar.  Camp  ER/CR  scanning  sonar. 
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amplifier  having  a  control  potentiometer  in  its  plate 
circuit.  Its  adjustable  output  was  fed  to  two  rectifiers; 
one  charged  a  0.5-/xf  capacitor  with  the  energy  picked 
up  in  the  receiver  circuits  from  the  transmitter  signal, 
and  the  resulting  negative  voltage  was  fed  to  the  grids 
of  the  6SG7  tubes,  thereby  reducing  the  receiver  gain. 
A  2-megohm  resistor  discharged  this  bias  voltage  at  a 
slow  rate.  The  other  rectifier  also  produced  a  nega¬ 
tive  voltage,  but  because  of  the  much  shorter  time 
constant  of  its  associated  RC  circuit,  the  rectified 
voltage  followed  the  energy  level  variation  of  the 
reverberation  or  noise.  A  diode,  T5,  was  connected 
between  the  two  negative  rectifier  outputs  in  such  a 
manner  that  the  0.5-,u.f  capacitor  discharged  through 
40,000  ohms  in  parallel  with  the  2.0  megohms,  pro¬ 
vided  that  the  voltage  output  of  the  second  rectifier 
was  lower  than  that  of  the  first.  This  circuit  arrange¬ 
ment  comprised  one  type  of  RCG.  If  the  reverbera¬ 
tion  died  out  rapidly,  the  gain  was  restored  rapidly; 
otherwise  restoration  was  slow.  The  relative  rates 
were  determined  by  the  two  RC  time  constants,  which 
were  approximately  0.02  second  and  1.0  second  re¬ 
spectively.  Later  the  circuits  of  the  chassis  B  unit 
were  modified  as  shown  in  Figure  93.  Chassis  C  (see 


Figure  94)  contained  the  remainder  of  the  receiver. 
The  output  signal  from  chassis  B  was  fed  to  the  pri¬ 
maries  of  two  filter  transformers  (band-pass)  where 
the  7-kc  and  10-kc  components  were  separated  and 
each  signal  component  fed  to  a  separate  triode 
(6SN7),  operating  as  a  detector.  The  two  rectified 
outputs  were  impressed  directly  onto  the  grids  of  a 
second  pair  of  6SN7  triodes  which  comprised  the  dif¬ 
ference  amplifier.  The  plates  of  the  difference-am¬ 
plifier  tubes  were  connected  to  the  push-pull  primary 
of  a  transformer. 

The  two  pulses  present  in  the  two  transformer  pri¬ 
maries  were  similar  to  those  shown  in  Figure  96A. 
The  resulting  difference  is  shown  in  Figure  96B.  The 
derived  pulse  appearing  in  the  secondary  of  the  trans¬ 
former  is  illustrated  in  Figure  96C.  The  latter  was 
amplified  by  the  6SG7  amplifier  and  then  fed  through 
a  gain-control  potentiometer  to  a  6J5  cathode-fol¬ 
lower  output  stage.  To  blank  the  receiver  during 
transmission,  a  pulse  was  fed  to  the  grid  of  a  6V6  con¬ 
nected  as  a  triode.  Because  the  plate  resistance  of  this 
tube  formed  the  lower  leg  of  the  screen  divider  for  the 
6SG7  amplifier,  when  the  positive  blanking  pulse  was 
applied  to  the  6V6  grid,  its  plate  resistance  dropped. 
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Figure  93.  Circuit  diagram  of  modified  SLC  receiver  (chassis  B),  Aide  de  Camp  ER/CR  scanning  sonar. 
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Fk.I'hi:  96.  Pulse  forms  for  SI.C  brightening. 


reducing  the  screen  voltage  of  the  6SG7,  and  conse¬ 
quently  reducing  the  receiver  gain.  A  potentiometer 
was  used  to  adjust  the  positive  potential  on  the  de¬ 
tector  plate  and  cathode,  and  on  the  difference-am¬ 
plifier  grid  circuits. 

This  receiver  system  was  tested  aboard  the  Aide  de 
Camp  in  comparison  with  three  other  types  of  sonar 
brightening  receivers."  Considerable  trouble  was  ex¬ 
perienced  with  poor  connections,  feedback  difficul¬ 
ties,  and  noise.  Although  the  receiving  system  worked 
well  enough  for  comparative  tests  to  be  made,  it  was 
felt  that  the  receiver-amplifier  was  not  sufficiently 
free  from  constructional  difficulties. 

The  Amplitude-Brightening  Receiver 

A  circuit  diagram  of  the  amplitude-brightening  re¬ 
ceiver,  used  with  the  Aide  di.  Camp  system  is  shown 
in  Figure  97.  This  unit  had  three  amplification  stages 
preceding  the  diode  detector  which  was  the  second 


half  of  the  6SN7.  This  was  followed  by  a  cathode- 
follower  stage.  The  signal  output  of  the  amplifiers 
was  also  fed  through  relay  contacts  to  a  6H6  rectifier 
for  gain  control.  The  resulting  TVG  voltage  was  ap¬ 
plied  to  the  grids  of  the  first  two  amplifier  tubes 
through  a  potentiometer  which  adjusted  the  amount 
of  TVG.  Additional  gain  control  was  obtained  by 
returning  the  cathode  of  the  first  amplifier  to  an  ad¬ 
justable  positive  reference  point.  The  chassis  con¬ 
tained  a  5Y3  full-wave  rectifier  and  filter  for  plate 
supply. 

The  receiver  was  originally  designed  for  RCG,  but 
was  converted  to  TVG  shortly  after  installation  on 
the  Aide  de  Camp.  Its  gain  was  approximately  115 
db,  and  maximum  undistorted  output  was  obtained 
with  a  signal  input  of  0.1  volt.  The  equivalent  input 
noise  voltage  at  maximum  gain  was  1.1  X  10-7  volt. 
The  pass  band  was  2  kc  wide,  3  db  down,  and  was 
centered  at  22.0  kc.77 

5.6.5  Receivers  for  QH  Scanning  Sonar 
Model  1 

During  early  tests  of  the  Model  1  system  aboard  the 
Aide  de  Camp  a  small  laboratory  audio  receiver  was 
connected  to  the  scanning  channel  preamplifier  out¬ 
put  to  test  the  possibility  of  listening  with  scanning 
systems.  Figure  98  is  a  schematic  of  this  simple  hetero¬ 
dyne  unit  with  self-contained  speaker  and  power  sup¬ 
ply.  Tests  indicated  that  the  use  of  a  listening  chan¬ 
nel  offered  several  advantages  in  the  identification  of 
targets.  However,  own-ship’s  propeller  noise,  which 
appeared  once  for  each  revolution  of  the  beam  of 
sensitivity,  was  very  annoying. 

Listening  Receiver 

As  a  result  of  the  testing  program  carried  out  dur¬ 
ing  1913  it  was  decided  that  a  listening  channel  con¬ 
sisting  of  a  separate  commutator,  paralleling  that 
used  for  scanning,  a  separate  preamplifier,  and  a  sep¬ 
arate  listening  receiver  be  provided.  A  new  receiver 
was  designed  to  accomplish  the  listening  function. 
Figure  99  is  a  schematic  diagram  of  this  superhetero¬ 
dyne-type  receiver,  which  was  mounted  in  the  con¬ 
sole  as  shown  in  Figure  G7  and  is  the  chassis  hinged 
to  the  top  of  the  console.  Two  units  were  built,  the 
second  for  the  Serial  2  system.  In  the  second  unit  the 
following  minor  changes  were  made  (refer  to  Figure 
99):  a  0.006-/M  by-pass  capacitor  was  added  to  the 
cathode  of  V101;  R108  was  changed  to  0.1  megohm; 
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Fim’rk  !)!).  Cyircuit  diagram  of  listening  receiver.  Serial  2,  C)H  scanning  sonar.  Model  1,  Serial  I. 


the  2-megohm  resistors  associated  with  the  plate  cir¬ 
cuit  ol'  VI06  were  changed  to  0.75  megohm;  and  ter¬ 
minal  51  on  the  output  was  grounded. 

The  electric  characteristics™  of  these  receivers  were 
as  follows:  the  sensitivity  for  1-watt  output  was  7.0 
gv  at  23  kc  and  4.8  /rv  at  35  kc.  The  maximum  power 
output  was  5  watts  into  a  10-ohm  load,  and  required 
50-/iv  input  at  23  kc  and  24-/xv  at  30  kc.  Tracking  of 
[he  voltages  through  the  r-f  and  oscillator-tuned  cir¬ 
cuits  was  within  i/i  db  from  23  to  45  kc.  The  high- 
frequency  oscillator  voltage  delivered  to  the  screen 
of  the  first  mixer  (V102)  was  7  volts  at  30  kc  and  2.5 
volts  at  45  kc.  The  intermediate  frequency  was  10  kc 
and  the  second  (heterodyne)  oscillator  was  tuned  to 
11  kc,  the  1-kc  image  response  being  15  db  down. 
The  overall  response  gave  a  peak  at  1-kc  audio  out¬ 
put  and  was  down  6  db  at  750  and  at  1,300  c.  The 
volume  control  gave  an  attenuation  range  of  57  db. 

The  receiver  controls  included  frequency,  gain, 
and  TVG.  The  frequency-control  dial  was  mounted 
directly  on  the  variable  capacitor  shaft  on  the  chassis. 


The  gain  control,  which  was  a  potentiometer  mount¬ 
ed  on  the  console  panel,  controlled  the  cathode  bias 
on  the  first  two  stages  of  the  receiver.  The  TVG  volt¬ 
age  was  common  to  and  obtained  from  the  scanning 
receiver,  its  control  being  located  on  the  scanning  re¬ 
ceiver  chassis  (to  be  described  later  in  this  section). 
The  two  receivers  used  a  common  power  supply. 

Scan n i no  R i:cr. i vi;r 

The  first  scanning  receiver  (Serial  No.  1)  for  the 
Model  1  QFI  scanning  sonar  was  built  according  to 
the  schematic  diagram  shown  in  Figure  100.  It  was  of 
the  superheterodyne  type  using  an  intermediate  fre¬ 
quency  of  10  kc,  and  controls  included  frequency, 
gain,  and  TVG.  The  gain  control  shown  on  the  re¬ 
ceiver  schematic  was  actually  mounted  for  remote 
control  on  the  front  panel  of  the  console.  Provision 
was  made  to  blank  the  output  during  transmission. 
Two  6SG7  r-f  amplifiers  were  employed  as  the  initial 
stages,  with  a  tuned  circuit  in  the  plate  of  the  first 
6SG7  to  provide  r-f  selectivity.  A  6SG7  mixer  or  first 
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Figure  101.  Circuit  diagram  of  scanning  receiver.  Serial  11,  QH  scanning  sonar.  Model  I,  Serial  1. 
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Fk;i  rk  103.  Circuit  diagram  of  power  supply.  QH  scanning  sonar,  Model  1,  Serial  2. 


detector  was  used  having  the  oscillator  voltage  in¬ 
jected  on  its  screen;  an  i-f  transformer  coupled  its 
output  to  a  6SN7  i-f  amplifier  which  used  a  single- 
tuned  circuit  in  its  plate  circuit  to  increase  further 
the  selectivity.  The  other  triodc  portion  of  the  6SN7 
served  as  the  oscillator.  One  half  of  a  (iHfi  was  used  as 
the  second  detector  and  the  other  half  as  the  TVG 
rectifier.  The  TVG  1.0-/.tf  capacitor  was  charged  by 
rectifying  the  output  of  the  i-f  amplifier  from  the 
signal  picked  up  in  the  receiver  during  the  transmit¬ 
ting  period.  A  6SN7  tube  served  as  a  cathode-follower 
output  stage  and  a  cathode-follower  blanking  am¬ 
plifier. 

Gain  control  action  was  obtained  by  a  10,000-ohm 
tapered  potentiometer  which  adjusted  the  cathode 
bias  on  the  two  6.SG7  amplifiers.  The  i-f  output  was 
also  brought  directly  out  of  the  chassis  for  use  as  an 
alternate  brightening  output.  Figure  101  is  (he  sche¬ 
matic  diagram  of  the  Serial  No.  2  receiver  chassis, 
which  was  similar  to  Serial  No.  1. 

These  receivers  were  tunable  from  20  to  35  kc.  The 
gain  control  had  a  range  of  75  db;  the  overall  volt¬ 
age  gain  was  150  db  at  25  kc;  the  noise  level  was 
3  x  10-s  volt  of  input  for  1  volt  of  output.  One  p.v  of 
input  at  25  kc  produced  32  volts  of  output. 

The  Serial  No.  2  receiver  was  used  in  the  QH 
Model  1,  Serial  1,  scanning  sonar.  A  third  receiver 


was  constructed  for  the  Serial  2  system.  Figure  102  is 
the  schematic  diagram  for  this  chassis.  Unicontrol  of 
frequency  was  incorporated  in  the  receiver  to  allow 
simultaneous  frequency  adjustment  of  the  receiver 
beat-frequency  oscillator  and  transmitter-output  fre¬ 
quency. 

In  this  receiver  two  6SG7  r-f  stages  were  used,  fol¬ 
lowed  by  a  6SG7  mixer  stage  with  the  oscillator  volt- 
age  injected  at  its  screen.  By  a  single  control,  the  r-f 
stages  could  be  tuned  from  20  to  33  kc,  and  at  the 
same  time  the  oscillator  frequency  tuned  from  75  to 
88  kc,  the  intermediate  frequency  being  fixed  at  55  kc. 
One  half  of  a  6SL7  was  used  as  the  oscillator;  the 
other  half  served  as  a  cathode  follower  to  feed  the 
oscillator  voltage  to  the  transmitter.  In  the  transmit¬ 
ter  unit  this  signal  was  mixed  with  that  from  a  55-kc 
fixed  oscillator  to  produce  a  20-  to  30-kc  output  signal 
for  the  transmitter.  A  twin-triode  (6SL7-A  in  Figure 
102)  served  as  the  i-f  amplifier  tube  and  second  de¬ 
tector  tube.  The  output  of  the  i-f  stage  caused  by  the 
pickup  in  the  receiver  during  the  transmitting  period 
was  rectified  by  half  of  a  6SL7-B,  diode-connected,  to 
initiate  TVG  control.  The  other  half  of  6SL7-B  was 
used  as  a  cathode-follower  output  stage.  A  third  twin- 
triode  (6SL7-C)  was  used  as  a  blanking  cathode  fol¬ 
lower.  Gain  control  was  obtained  by  using  a  potentio¬ 
meter  controlling  the  cathode  bias  in  the  two  r-f 
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Figure  104.  Circuit  diagram  of  preamplifier,  QH  scanning  sonar.  Model  1. 


stages.  TVG  was  also  applied  to  the  grids  of  these 
stages;  a  potentiometer  controlled  the  amount  of 
TVG  voltage  applied.  The  frequency  control  was  a 
two-section  variable  air  capacitor. 

Figure  103  gives  a  circuit  diagram  of  the  power 
supply  used  in  the  console.  This  unit  furnished  pow¬ 
er  for  the  scanning  and  listening  receivers,  the  sweep 
chassis,  and  the  CRO.  Figure  104  gives  a  circuit  dia¬ 
gram  of  the  preamplifier,  identical  units  being  used 
in  both  the  listening  and  brightening  channels. 

566  Receivers  for  QH  Scanning  Sonar 
Model  2 

In  the  QH  scanning  sonar  Model  2  both  the  listen¬ 
ing  and  scanning  receivers  were  combined  in  one 
chassis.70  Their  tuning  range  was  from  20  to  32  kc. 
A  single  oscillator  on  the  receiver  chassis  provided 
the  heterodyning  signal  for  both  receivers  and  the 
transmitter,  thus  giving  unicontrol  of  frequency. 


TVG  and  gain  control  circuits  were  also  common  to 
both  receiver  channels.  The  use  of  this  design  sim¬ 
plified  the  circuits,  reduced  the  number  of  controls, 
and  conserved  space.  Figures  70  and  71  show  the  posi¬ 
tion  of  the  dual-channel  receiver  in  the  console.  Fig¬ 
ure  105  is  a  schematic  circuit  diagram  of  the  receiver. 

Two  receivers  were  constructed  with  almost  identi¬ 
cal  circuits.  However,  the  mechanical  layout  chosen 
in  the  first  receiver  complicated  wiring,  placed  con¬ 
trols  in  inconvenient  positions,  and  was  considered 
unsatisfactory.  For  this  reason  the  first  receiver  was 
not  used,  but  a  second  proved  satisfactory.  The  major 
difficulties  in  the  design  and  testing  were  parasitic 
oscillations  and  cross  talk  between  channels.  These 
were  solved  by  the  use  of  parasitic  suppressors  in  the 
form  of  100-ohm  wire-wound  resistors  in  several  grid 
circuits.  Cross  talk  occurred  between  the  initial  two 
amplifier  stages  in  one  channel  and  those  in  the 
other. 

The  r-f  amplifier  stages  of  both  channels  were 
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identical.  TVG  was  applied  to  the  grids  and  manual 
gain  control  to  the  cathodes  of  these  stages.  In  the 
listening  channel  there  was  a  potentiometer  at  the 
grid  of  the  mixer,  to  set  the  relative  gains  of  the  listen¬ 
ing  and  scanning  channels,  depending  on  the  ambi¬ 
ent  background-noise  conditions  in  any  particular 
installation.  1  he  intermediate  frequency  was  60  kc 
in  each  channel.  In  the  listening  channel  a  hetero¬ 
dyne  oscillator  operating  at  61  kc  provided  an  aud¬ 
ible  beat-frequency  note.  The  output  load  on  the 
listening  channel  was  a  4-ohm  speaker.  TVG  was  ob¬ 
tained  by  rectifying  the  stray  pickup  signal  at  the  i-f 
output  of  the  scanning  channel  to  charge  the  TVG 
capacitor  during  the  transmitting  interval.  Controls 
were  provided  for  frequency,  common  gain,  TVG, 
and  audio  gain.  The  common  gain  control  was  lo¬ 
cated  on  the  console  panel.  TVG,  audio  gain,  and 
frequency  controls  were  on  the  receiver  chassis.  Fig¬ 
ure  70  shows  these  controls,  except  that  the  dial  and 
knob  are  missing  on  the  variable  capacitor  shaft. 

The  electrical  performance  data  on  this  receiver 
using  a  100-ohm  impedance  input  source  are  as  fol¬ 
lows:  With  1-ju.v  input  to  the  scanning  channel,  its 
output  varied  from  30  volts  direct  current  at  20  kc  to 


50  volts  direct  current  at  30  kc.  Overload  occurred  at 
150-volt  d-c  output,  which  could  be  obtained  with 
maximum  gain-control  setting  and  a  10-/.-.V  signal  in¬ 
put.  1  he  band  width  of  the  overall  response  charac¬ 
teristic,  3  db  down,  varied  from  1.6  kc  at  20  kc  to 
1.8  kc  at  30  kc.  The  equivalent  noise  input  was  35  db 
below  1  fxv  at  26  kc  for  either  channel.  For  an  inter¬ 
fering  signal  imaged  by  the  heterodyne  oscillator  and 
therefore  2  kc  higher  than  signal  frequency,  the 
image  ratios  for  the  listening  channel  (that  is,  the 
responses  at  2  kc  higher  than  signal  frequency  com¬ 
pared  to  the  responses  at  signal  frequency),  were: 

Signal  frequency  (kc)  Image  ratio 


Voltage 

dh 

20 

1/10 

-20 

26 

1/6 

-16 

28 

1/5 

-14 

30 

1/1 

-12 

These  data  were  obtained  with  the  common  gain 
control  set  to  reduce  the  overall  gain  by  10  db.  The 
listening  channel  gain  was  such  that  l-^v  input  signal 
gave  an  output  which  varied  from  1.15  volts  (rms)  at 
20  kc  to  1.3  volts  (rms)  at  30  kc. 
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Cross-talk  measurements  between  channels  gave 
the  following  results,  with  the  common  gain  control 
at  its  maximum  setting: 


Output 

Output 

from 

from 

listening 

scanning 

Frequency 

channel 

channel 

Condition  o£  test 

(kc) 

(volts) 

(volts) 

10-av  input  to  listening  chan¬ 
nel  with  its  gain  control  on 

20 

1.9 

7 

position  2  (see  audio  gain  con¬ 
trol  in  Figure  105) 

30 

2.1 

8 

10-M’  input  to  scanning  chan¬ 
nel  with  listening  gain  control 

20 

0.22 

150 

at  maximum 

30 

0.60 

150 

The  preamplifier  used  in  the  Model  2  system  was 
the  same  as  that  for  Model  1  (see  Figure  104).  Because 
the  resonant  frequency  of  the  transducer  used  in  the 
Model  2  system  was  22.5  kc,  while  that  of  the  first 
production  model  (by  Sangamo  Electric  Company) 
was  to  be  26  to  28  kc,  another  preamplifier  filter  was 
designed  and  bench-tested  in  breadboard  form  to 
center  the  band-pass  near  the  26-  to  28-kc  region. 
Figure  106  shows  the  schematic  wiring  and  circuit 
constants  of  this  preamplifier. 

Figure  107  is  a  schematic  of  the  power  supply  and 
sweep  chassis  used  with  the  Model  2  system.  The  de¬ 
sign  and  operation  of  the  latter  are  discussed  in  a 
later  section  of  this  chapter.  The  power  supply  fur¬ 
nished  power  for  all  the  console  circuits  except  the 
servo  amplifiers.  Care  was  taken  in  its  design  to  elimi¬ 
nate  effects  of  line  voltage  variations  on  the  critical 
circuits,  particularly  in  the  PPI  display.  The  circuits 
were  first  compensated  for  slow  variations  by  proper 


choice  of  the  percentage  regulation  for  each  element. 
Then,  to  insure  that  compensation  would  hold  for 
rapid  variations,  identical  time  constants  were  cho¬ 
sen  for  critical  circuits.  In  this  way  satisfactory  com¬ 
pensation  of  line  voltage  fluctuations  was  obtained. 

5.6.7  Preamplifier  Filter  Design 
for  QH  Sonar 

Following  tests  of  the  QH  Model  2  sonar,  investi¬ 
gation  of  filter  designs  was  carried  on  to  improve 
their  characteristics,  in  order  to  meet  the  more  strin¬ 
gent  requirements  of  BDI  application  and  good  man¬ 
ufacturing  practice.  It  was  decided  that  these  filters 
should  meet  the  following  requirements: 

1.  The  band-pass  should  center  on  26  kc  and 
should  be  7  kc  wide. 

2.  To  function  in  the  plate  circuits  of  high  gain 
tubes,  such  as  6SG7,  the  filter  impedance  should  be 
high  (at  least  50,000  ohms). 

3.  To  meet  the  requirements  of  BDI  application, 
two  or  more  such  filters,  properly  constructed  for 
quantity  production,  should  have  phase  shifts  over 
the  entire  pass  band  which  would  not  differ  by  more 
than  ±  2.5  degrees. 

4.  Pi  sections  should  be  used  for  convenience  in 
feeding  d-c  potentials  to  the  associated  vacuum  tubes. 

After  several  types  were  designed  and  tested,79’ 80  it 
was  found  that  the  one  shown  in  Figure  108  had  the 
best  overall  operating  characteristics  and  would  be 
manufacturable  in  quantity.  Its  band-pass  character¬ 
istic  is  shown  in  Figure  109. 

Two  preamplifiers  incorporating  this  filter  design 
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Figure  107.  Circuit  diagram  of  power  supply  and  sweep  chassis,  QH  scanning  sonar,  Model  2. 
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(WE  122801  TOROID) 


Figure  108.  Circuit  diagram  of  band-pass  filter  for  pre¬ 
amplifier. 


were  compared  for  phase  shift,  a  point  of  great  im¬ 
portance  in  BDI  application.  The  result  is  shown  in 
Figure  110. 

The  filter  alignment  procedure  was  to  open  the 
series  link  ( LB ,  Figure  108)  and  tune  the  shunt  cir¬ 
cuits  at  center  frequency  (26  kc),  CA  being  variable. 
The  coils  used  in  the  filter  were: 

La  =  92  mh  at  1,000  cycles  ±  1  per  cent 
(W.  E.  122803  toroid) 

Lb  =  16  mh  at  1,000  cycles  ±  1  per  cent 
(W.  E.  122801  toroid) 

The  calculation  of  the  constants  of  the  filter  was 
made  by  first  designing  the  ordinary  constant-K  band¬ 
pass  filter  of  the  type  shown  in  Figure  111,  assuming 
impedances,  band-pass,  and  center  frequency.  A  trans¬ 
formation  showed  that  the  circuits  of  Figures  108  and 
111  produced  the  same  effects,  assuming  the  follow¬ 
ing  relations  between  circuit  component  values: 

LA  —  2  E2 


CA  =  2CX  +  C 


where  Cd  is  the  distributed  capacity  associated  with 

La- 

5.6.8  Receivers  for  26-kc  Depth-Scanning 
Sonar 

The  depth-scanning  sonar  had  two  receivers,  a 
scanning  receiver  for  brightening  the  elevation  posi¬ 
tion  indicator  [EPI]  scope,  and  a  second  for  listen¬ 
ing  and  BDI  operation.  Three  identical  preampli¬ 
fiers  were  used,  one  in  the  scanning  channel,  and  two 
in  the  sum-and-difference  channels  to  the  BDI  listen¬ 
ing  receiver.  Each  preamplifier  was  mounted  on  its 
commutator  and  had  its  own  power  supply;  the  de¬ 
sign  was  the  same  as  for  the  QH  Model  2,  with  the 
filter  pass  band  centered  at  26  kc.  Both  the  scanning 
and  listening  receivers  for  the  26-kc  DSS  system  are 
described  in  detail  in  Chapter  6. 

569  Receivers  in  the  Model  XQHA 
Scanning  Sonar 

The  receivers  in  the  Model  XQHA  scanning  so¬ 
nar,  designed  and  constructed  by  the  Sangamo  Elec¬ 
tric  Company,  were  based  fundamentally  on  those  in 
the  QH  Model  2  sonar.  However,  the  mechanical 
layout  was  different  and  RCG  and  ODN  (own-dop- 
pler  nullification)  were  incorporated  at  the  request 
of  the  Bureau  of  Ships.  The  receiver  chassis  and  its 
power  supply  chassis  were  mounted  in  the  two  upper 


Figure  109.  Frequency  response  of  band-pass  filter  for 
preamplifier. 


Figure  110.  Difference  in  phase  shift  in  two  preampli¬ 
fiers. 
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Figure  111.  Equivalent  circuit  of  band  pass  filter  for 
preamplifier. 


sections  of  the  receiver  unit  (Figures  1 1 2  and  1 1 3),  the 
lower  portion  of  which  contained  the  commutators, 
transfer  network,  and  the  preamplifier  and  servo 
chassis  (located  adjacent  to  the  commutators:  sec  Fig¬ 
ure  113,  right  side).  The  receiver  chassis  is  shown  in 
Figure  114  and  the  power  supply  chassis  in  Figure 
1 15;  a  circuit  diagram  for  the  preamplifiers,  receiver, 
and  power  supply  is  shown  in  Figure  1 16. 


Figure  112.  Front  view  of  receiver  unit,  Model  XQHA 
scanning  sonar. 


Transfer  of  the  receiver  position  from  its  location 
in  the  console  of  QH  Model  2  to  the  receiver-commu¬ 
tator  unit  of  the  XQHA  system  permitted  reduction 
of  size  and  weight  in  the  indicator  control  unit  (con¬ 
sole).  This  was  desirable  to  keep  the  system  weight 
low  in  the  ship  and  to  conserve  space  in  the  already 
crowded  portions  of  the  ship  where  the  operator’s 
station  was  normally  located.  This  also  made  it  un¬ 
necessary  to  transmit  signals  at  low  levels  from  the 


Figure  113.  Right  side  view  of  receiver  unit.  Model 
XOHA  scanning  sonar. 
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Figure  114.  Top  view  of  receiver  chassis,  Model  XQHA  scanning  sonar. 


lower  sound  room  to  the  operating  position,  and  thus 
reduced  the  likelihood  of  electric  noise  pickup. 

Only  those  portions  of  the  receiver  circuits  which 
differ  greatly  from  those  of  the  Model  2  system  will 
be  discussed  here.  (A  complete  description  is  given  in 
reference  1.)  The  only  change  in  the  preamplifiers 
was  in  the  band-pass  filter.  This  had  a  higher  im¬ 
pedance  which  increased  the  amplifier  overall  gain 
by  about  5  db.  The  scanning  channel  was  like  that  of 
the  QH  Model  2  receiver,  except  for  a  different  input 
transformer  (identical  with  the  commutator  input 
transformers).  The  listening  channel  also  used  this 
input  transformer  and  followed  essentially  the  same 
design  in  its  r-f  and  i-f  stages  as  used  in  the  QH 
Model  2  scanning  sonar.  The  heterodyne  oscillator 
circuit  was  modified  to  permit  variational  control  of 
frequency  either  by  a  reactance  tube  (for  ODN)  or  by 
a  manual  beat-oscillator  control.  The  audio  ampli¬ 


fier  had  an  added  6SN7  (V-513)  which  served  as  a 
stage  of  resistance-coupled  amplification  and  a  cath¬ 
ode  follower.  An  audio  band-pass  filter  was  inserted 
between  the  latter  stage  and  the  output  tube  (V-522), 
its  pass  band  extending  from  550  to  1,100  cycles. 

The  ODN  was  of  the  reverberation-controlled  type, 
which  sampled  the  audio  signals  caused  by  reverbera¬ 
tion  and,  from  their  frequencies,  corrected  the  beat 
oscillator  to  compensate  for  doppler  shift  caused  by 
the  component  of  own-ship’s  motion  along  the  listen¬ 
ing  beam  of  sensitivity.81  This  represented  the  first 
use  of  ODN  in  CR  scanning  systems.  One  difficulty 
appeared  when  the  target-ship’s  propeller  noise  was 
picked  up;  then  ODN  action  was  erratic,  and  no  dis¬ 
tinction  could  be  made  between  reverberation  and 
any  other  audio  signals  present  during  the  sampling 
period. 

The  ODN  circuit  operated  as  follows  (refer  to  Fig- 
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l'JcimK  115.  Top  view  of  power  supply  chassis.  Model  XQHA  scanning  sonar. 


ure  116):  The  audio  signal,  obtained  from  V-513,\vas 
passed  through  a  clipper  stage  (V-523),  which  limited 
its  amplitude  to  a  peak  value  of  4.5  volts.  Sufficient 
audio  signal  was  necessary  to  insure  limiter  opera¬ 
tion.  The  signal  was  then  amplified  by  V-524  (two 
stages)  and  applied  to  the  discriminator  transformer 
T-606.  The  primary  voltage  was  introduced  in  series 
with  the  secondary  center  tap,  so  that  the  secondary 
voltages  in  each  half  were  vectorially  added  to  the 
primary  voltage.  Each  vector  sum  was  rectified  (tube 
V-525),  and  the  resulting  d-c  outputs  were  compared 
to  give  a  measure  of  the  frequency  deviation.  The 
transformer  was  so  tuned  that  at  resonance  (800  cy¬ 
cles)  the  secondary  voltages  were  90  degrees  out  of 
phase  with  the  primary  voltage,  and  180  degrees  out 
of  phase  with  each  other.  The  rectified  sum  voltages 
were  thus  equal,  and  their  difference  zero.  If  the  sig¬ 
nal  frequency  were  shifted  from  800  cycles,  the  phase 


relations  between  the  primary  and  secondary  voltages 
changed,  and  the  sums  were  no  longer  equal.  The 
rectified  voltages,  being  unequal,  produced  a  differ¬ 
ence  voltage  (d-c)  whose  polarity  depended  upon 
whether  the  signal  frequency  was  less  or  greater  than 
800  cycles.  This  voltage  was  used  to  charge  a  capacitor 
C-663  during  the  sampling  period  (when  relay  K-503 
was  closed.  The  shunt  leakage  resistance  across  the 
capacitor  being  high,  its  voltage  would  then  remain 
constant  during  the  remainder  of  the  echo-ranging 
cycle.  This  voltage  was  used  to  control  the  grid  of  a 
reactance  tube  V-521,S1  which  in  turn  controlled  the 
frequency  of  the  heterodyne  oscillator  V-520.  If  the 
rectifiers  V-525  were  properly  polarized,  the  react¬ 
ance  tube  effect  was  to  restore  the  audio  output  fre¬ 
quency  to  approximately  800  cycles  during  the  sam¬ 
pling  period. 

Because  the  audio  signals  applied  to  the  discrimi- 
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nator  usually  had  a  high  harmonic  content,  a  false 
balance  indication  could  occur  if  the  signal  frequen¬ 
cy  was  just  half  the  center  frequency  of  the  discrimi¬ 
nator.  To  prevent  this,  signal  was  taken  from  the 
plate  of  the  first  section  of  V-524  and  amplified  by  the 
first  section  of  V-526  in  the  plate  circuit  of  which  was 
a  parallel-tuned  circuit  resonant  at  about  350  cycles. 
The  second  section  of  V-526  rectified  the  voltage 
across  this  tuned  circuit,  and  the  resulting  direct  cur¬ 
rent  was  introduced  in  the  proper  polarity  into  the 
comparison  circuit.  Thus,  the  voltage  produced  to 
charge  C-663  could  not  become  reversed  in  the  neigh¬ 
borhood  of  400  cycles.  Because  the  instantaneous  fre¬ 
quencies  of  reverberation  signals  fluctuate,  it  was 
necessary  to  provide  an  averaging  effect  over  an  ap¬ 
preciable  period  of  time.  The  circuit  used  to  operate 
the  ODN  relay  K-503  was  so  designed  that  the  con¬ 
tacts  closed  immediately  after  transmission  and  re¬ 
mained  closed  approximately  0.37  second.  As  the 
charging  circuit  for  C-663  had  appreciable  resistance 
(approximately  .22  megohm)  and  an  additional  re¬ 
sistor  R-758  (.22  megohm)  was  placed  in  series,  the 
time  constant  for  charging  and  discharging  C-663 
(when  K-503  was  closed)  was  sufficiently  long  to  per¬ 
mit  averaging  out  rapid  variations  in  discriminator 
output. 

Provision  was  made  for  manual  beat-oscillator  con¬ 
trol.  The  grid  circuit  of  the  reactance  tube  V-521  in¬ 
cluded  the  switch,  S-501,  which  permitted  the  con¬ 
nection  of  the  grid  to  either  the  ODN  capacitor  C-663 
or  to  the  manual  beat-oscillator  control.  Additional 
details  of  this  circuit  are  given  in  reference  1,  includ¬ 
ing  a  discussion  of  the  ODN  relay  timing  circuits. 

Reverberation  control  of  gain  was  accomplished  in 
the  following  manner:  The  grid  circuits  of  the  r-f 
stages  in  both  channels  (V-509,  V-510,  V-514,  and  V- 
515)  were  returned  to  pin  8  of  V-527 ,  as  shown  in  Fig¬ 
ure  1 16.  This  point  was  connected  to  ground  through 
resistors  R-735  and  R-734  with  a  capacitor  C-668 
across  the  latter.  This  common  point  was  also  con¬ 
nected  to  the  plate  of  a  triode  V-528  and  to  the  cath¬ 
ode  of  a  diode  V-527.  The  cathode  of  the  triode  was 
returned  to  a  divider  between  the  -150-volt  supply 
and  ground,  composed  of  R-726  and  R-727,  the  latter 
being  by-passed  with  an  electrolytic  capacitor  C-660. 
This  placed  the  cathode  potential  at  —60  volts  direct 
current.  The  grid  of  this  circuit  was  returned  to  a 
divider  which  consisted  of  R-728  and  R-729.  One  side 
of  this  divider  was  connected  to  the  — 150- volt  d-c 
supply,  and  the  other  to  the  keying  pulse  circuit 


which  was  normally  at  +40  to  +50  volts  direct  cur¬ 
rent.  The  grid  was  thus  normally  at  approximately 
—  87  volts  direct  current  with  respect  to  ground  and 
—27  volts  direct  current  with  respect  to  the  cathode, 
biasing  the  triode  to  cutoff.  When  the  keying  pulse 
appeared,  the  pulse  circuit  potential  changed  from 
+40  to  +200  volts  direct  current,  the  grid  of  the 
triode  was  driven  positive,  and  the  tube  conducted. 
Since  its  cathode  was  negative  with  respect  to  ground, 
current  flowed  through  R-735  and  R-734  to  charge 
C-668  negatively.  The  plate  of  the  triode  N-528  was 
thus  about  50  to  55  volts  negative  with  respect  to 
ground,  and  the  grids  of  the  two  receiver  channels, 
being  at  this  same  potential,  approached  cutoff  and 
the  gain  was  reduced  to  a  level  which  did  not  over¬ 
load  the  amplifier  but  permitted  the  transmitter  sig¬ 
nal  to  mark  the  recorder.  During  the  time  the  keying 
pulse  was  present,  C-668  was  charged  up  to  approxi¬ 
mately  the  potential  of  the  triode  plate.  At  the  end  of 
the  keying  pulse  the  triode  was  again  cut  off  and  the 
bias  voltage  for  the  r-f  stages  immediately  became  the 
potential  across  C-668.  The  resistor  R-734  discharged 
C-668  at  a  slow  rate. 

The  common  point  referred  to  above  was  also  con¬ 
nected  to  the  cathode  of  a  diode  V-527,  whose  plate 
was  connected  to  ground  through  the  resistors  R-733 
and  R-732.  This  gave  another  discharge  path  for  C- 
668.  The  time  constant  of  this  circuit  was  such  as  to 
restore  the  gain  very  rapidly— that  is,  to  within  5  db  of 
maximum  within  0.1  second.  This  latter  discharge 
occurred  as  long  as  no  reverberation  or  other  audio 
signal  was  present.  If  reverberation  was  present  the 
audio  signal  at  the  plate  of  the  output  tube  V-522  ap¬ 
peared  across  R-767  and  was  rectified  by  the  other 
diode  of  V-527  to  produce  a  negative  voltage  across 
C-667.  This  raised  the  negative  potential  of  the  plate 
of  the  first  diode  in  V-527  and  prevented  discharge  of 
C-668  through  the  diode  when  the  potential  of  C-668 
was  less  negative  than  the  first  plate  of  V-527  (pin  5). 
Thus  there  was  a  potential  across  C-668  for  control  of 
gain  which  started  at  a  high  negative  value  and  de¬ 
creased  at  a  rate  depending  on  the  amount  of  rever¬ 
beration. 

57  TRANSMITTERS  FOR  CR  SCANNING 
SONARS 

The  development  of  the  transmitters  used  in  the 
CR  scanning  sonars  required  finding  adequate  solu¬ 
tions  to  four  fundamental  problems: 
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Fk.i  rk  117.  Circuit  diagram  of  chassis  E,  3fi-tul)C  driver. 


1.  Development  of  a  transmitter  capable  of  deliv¬ 
ering  to  the  transducer  the  maximum  electric  power 
that  it  could  convert  to  sound  without  producing 
cavitation. 

2.  Development  of  a  simple  and  adequate  transfer 
network,  that  is,  circuits  and  switching  devices  for 
shifting  the  single  transducer  from  the  transmitting 
circuit  to  the  receiving  circuits  and  vice  versa. 

3.  Development  of  an  energy-storage  system  for  the 
transmitter  power  supply  whereby  the  overall  utili¬ 
zation  factor  of  the  transmitter  unit  could  be  in¬ 
creased  and  its  size  reduced  to  a  minimum. 

4.  Development  of  a  simple,  reliable  frequency- 
control  system  which  would  allow  unicontrol  with 
the  receiver  tuning. 

Other  problems  of  transmitter  design,  such  as 
choice  of  tubes  and  mechanical  design,  were  subordi¬ 
nate  to  those  listed. 

5.7.1  1VIR  Transmitter  Used  in 

CR  System  Tests 

In  the  earl)'  work  with  the  CR  scanning  sonars,  it 
was  convenient  to  use  the  transmitters  that  had  been 
constructed  for  the  MR  system.  The  early  tests  made 
with  the  Medusa  transducer  used  the  50-watt  and  the 
400-watt  MR  transmitters.  The  Aide  de  Camp  scan¬ 


ning  sonar  at  first  used  the  400-watt  amplifier  and  was 
later  changed  to  use  the  1,500-watt  MR  transmitter 
(sec  Chapter  4). 

In  all  scanning  sonars,  starting  with  the  Aide  de 
Camp  system,  where  the  same  transducer  was  used 
for  transmitting  and  receiving  the  signal,  a  transfer 
or  change-over  network  was  necessary.  Multiple-con¬ 
tact  relays,  and  later  thyrite  disks,  were  used  for 
switching  with  the  400-  and  1,500-watt  transmitters. 
(Sec  Section  5.3  on  transducers.) 

5-7-2  The  36 -Tube  Driver 

As  another  approach  to  the  driver  and  transfer 
problem,  use  of  a  separate  driver  tube  for  each  trans¬ 
ducer  element  was  proposed.  This  offered  the  follow¬ 
ing  advantages: 

1.  By  using  class  C  amplifiers  there  would  be  no 
need  to  disconnect  the  transmitter  by  relays,  and 
hence,  efficiency  should  be  improved. 

2.  Standard  receiving  tubes  could  be  used  with  low- 
voltage  power  supplies. 

3.  The  duty  cycle  type  of  operation  could  be  used 
to  advantage. 

This  transmitter  was  to  have  been  a  portion  of  a 
proposed  scanning  system.82  However,  it  was  never 
completed,  although  the  driver  unit  for  the  transmit¬ 
ter-amplifier  was  constructed  and  was  later  used  with 
the  1.5-kw  amplifier  for  the  Aide  de  Camp  ER/CR 
scanning  sonar. 

Figure  117  shows  a  circuit  diagram  of  the  driver 
unit,  and  Figure  1 18  one  of  the  final  amplifiers  and 
transfer  network.  In  the  driver  (chassis  E)  a  6SN7 
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Figure  119.  Circuit  diagram  of  1,500-watt  Blockbuster  and  keying  circuit. 


served  as  an  oscillator-buffer  amplifier.  This  was  fol¬ 
lowed  by  a  6H6  keying  modulator  and  two  6L6  tubes 
operating  in  push-pull  as  the  driver  amplifier.  Out¬ 
put  was  taken  from  terminals  E1  and  E2  and  used  to 
drive  the  amplifier.  The  keying  pulse  was  fed  in  at 
terminal  E:t  and  used  to  operate  a  6SN7  trigger  tube 
circuit  which  gave  an  adjustable  delay  period  to  take 
care  of  the  time  required  for  the  sencl-receive  relay  to 
operate.  The  delayed  pulse  operated  a  second  6SN7 
triggering  tube  which  generated  a  second  square 
wave  pulse.  This  caused  the  keying  modulator  tube 
to  conduct  and  pass  the  generated  signal  to  drive  the 
push-pull  6L6  tubes.  The  chassis  also  contained  a 
power  supply. 

The  output  of  the  driver  was  to  have  fed  chassis 
F,  whose  wiring  diagram  is  shown  in  Figure  118. 
This  was  designed  to  use  36  6L6  tubes,  the  output  of 
each  being  connected  to  a  single  transducer  element. 
A  single-pole,  single-throw  relay  opened  the  primary 
ground  return  to  the  commutator  input  transformers 
during  transmission. 

This  multitube  amplifier  was  not  constructed,  be¬ 
cause  calculations  indicated  that  its  output  power 
would  be  too  low.  Nevertheless,  the  design  brought 
out  the  idea  of  using  only  a  single  relay  in  the  transfer 


network,  which  was  successfully  applied  to  all  later 
scanning  systems. 

5-7-3  Early  “Blockbusters” 

The  term  Blockbusters  was  applied  to  a  series  of 
transmitters  built  in  an  attempt  to  develop  a  high- 
power  transmitter  of  small  size.  The  earliest  units 
used  the  blocking  type  of  oscillator,  and  in  trying  to 
extract  maximum  power  from  these  units,  their  com¬ 
ponents  frequently  blew  up  during  laboratory  tests 
with  considerable  noise  and  fireworks.  The  power 
supplies  were  characterized  by  the  use  of  energy- 
storage  principles  with  “bump-back”  filters. 

In  the  initial  designs  the  blocking-type  oscillator 
had  circuit  constants  selected  to  produce  output 
pulses  of  practically  square  wave  form  with  a  carrier 
frequency  of  the  order  of  20  kc,  a  duration  of  30  msec, 
and  a  pulse  rate  which  was  variable  from  one  pulse 
every  6  seconds  down  to  one  every  second.  Various 
tubes  were  tried,  including  types  810,  811,  813,  828, 
838,  and  8005.  The  813,  as  a  pentode,  gave  very  good 
square  wave  pulses,  had  excellent  frequency  stability, 
and  an  output  of  1  kw.  The  outputs  of  the  811,  828, 
and  838  were  limited  to  lower  values  because  of  in- 


CONFIDENTIAL 


192 


COMMUTATED  ROTATION  SCANNING  SONAR 


RFC*30 


Figure  120.  Circuit  diagram  of  400-watt  driver,  Blockbuster  No.  2. 


ternal  arcing  or  saturation  of  cathode  emission.  The 
8005  was  discarded  because  of  the  large  number  of 
defective  units.  The  810  gave  the  most  output,  3.3 
kw,  but  the  frequency  stability  was  not  good.  Follow¬ 
ing  these  tests,  a  blocking-oscillator  chassis  and  power 
supply  were  constructed  using  the  810  tube.  This 
unit  gave  4.3  kw  on  short  pulses  and  2.0  kw  with 
35-msec  pulses.  In  the  attempt  to  synchronize  the 
pulse  interval,  keying  was  tried,  the  810  circuit  being 
converted  to  a  straight  Hartley  oscillator  keyed  by  a 
grid-blocking  bias  which  was  removed  for  the  dura¬ 
tion  of  the  pulse  by  means  of  a  6L6  keying  tube.  This 
gave  good  results,  although  capacitor  failures  forced 
a  reduction  of  the  power  to  1 .4  kw,  delivered  to  a  load 
of  18  to  45  ohms. 

The  transmitter  was  installed  aboard  the  Aide:  de 
Camp.  When  tested,  it  drew  250  watts  average  from 


the  115-volt  supply  line.  At  this  time  it  was  revised 
to  work  into  a  75-ohm  load  without  reduced  output 
power  and  the  6L6  keying  tube  was  replaced  by  a 
type  2050  thyratron.  A  delay  interval  introduced  by 
a  6SN7  was  added  in  the  keying  circuit  to  permit  op¬ 
eration  of  the  send-reccive  relays  before  transmission. 
Figure  1 19  is  the  schematic  of  this  No.  1  Blockbuster 
in  its  final  form. 

During  the  testing  of  the  No.  1  Blockbuster,  a  sec¬ 
ond  transmitter  was  started.  This  used  the  400-watt 
(sometimes  called  the  500-  or  600- watt)  driver,  with 
an  838  tube  as  an  oscillator,  and  with  associated  pow¬ 
er  supply  and  keying  circuits  (see  Figure  120).  This 
driver  was  similar  to  the  No.  1  Blockbuster,  and  was 
connected  to  an  810  tube  used  as  an  amplifier  to  give 
a  power  output  of  2.5  kw.  These  experiments  led  to 
the  construction  of  a  master-oscillator-power-ampli- 
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Figure  121.  Circuit  diagram  of  output  stage,  Blockbuster 
No.  2. 


fier  [MOPA],  comprising  the  No.  2  Blockbuster.  The 
400-watt  driver  was  used  to  excite  push-pull  838 
tubes  (see  Figure  121),  which  gave  a  power  output  of 
2  kw  into  a  100-ohm  load  for  a  30-msec  pulse.  An  un¬ 
successful  attempt  was  made  to  hand-key  the  circuit 
for  communication  purposes. 

5.7.4  t ransmitter  for  QH  Scanning  Sonar 
Model  1 

The  principles  used  in  the  Blockbuster  transmit¬ 
ters  were  applied  to  the  design  used  with  the  QH 
scanning  sonar  Model  1  on  USS  Sardonyx  and  USS 
Cythera.  This  transmitter  was  constructed  on  two 
chassis,  one  containing  the  power  supply  and  keying 
circuits,  the  other  containing  the  oscillator  and  am¬ 
plifier  circuits.  Figure  122  is  a  schematic  wiring  dia¬ 
gram  of  the  latter  unit.  The  output  power  obtained 
was  3  kw  into  a  100-ohm  load  using  a  30-msec  pulse 
and  5,000-yard  keying  rate.  While  testing  this  unit  in 
the  laboratory,  neutralization  of  the  final  power  am¬ 
plifier  was  tried  but  did  not  seem  to  improve  its  per¬ 
formance.  At  first  considerable  trouble  was  encoun¬ 
tered  with  the  amplifier  output  transformer.  It  was 
rebuilt  using  Litz  wire  and  having  better  insulation, 
with  the  result  that  both  its  characteristics  and  break¬ 
down  strength  were  improved.  The  final  design  in¬ 
cluded  secondary  taps  which  would  properly  feed 
into  either  a  20-ohm  or  a  225-ohm  output  load.  Fig¬ 


ure  123  shows  a  sectional  view  of  the  transformer. 
With  the  improved  transformer,  approximately  4  kw 
of  power  output  could  be  obtained  with  a  2,200-volt 
plate  supply  for  the  final  amplifier.  Hand-keying  of 
the  transmitter  was  successfully  accomplished  by  add¬ 
ing  resistance  in  the  power  supply  of  the  transmitter 
circuit.  Since  no  provision  was  made  to  operate  the 
send-receive  relays,  the  Model  1  system  could  not  be 
used  for  communication  purposes. 

Figures  124  and  125  are  schematic  wiring  diagrams 
for  the  power  supply  keying  circuit,  the  send-receive 
relay  keying  circuit,  and  the  power  supply  circuit. 
Each  keying  circuit  received  its  triggering  pulse  from 
the  sweep  control  circuits  at  terminal  No.  42.  Several 
tubes  were  tried  in  the  power  supply  keying  circuit- 
types  2050,  6V6,  6L6,  and  6Y6— the  6Y6  being  chosen. 
This  tube  keyed  the  838  oscillator  by  decreasing  its 
negative  grid  bias  during  transmission.  A  potentio¬ 
meter  in  the  6Y6  circuit  was  provided  to  control  and 
adjust  the  transmitting  pulse  length.  In  the  send- 
receive  relay  keying  circuit,  a  2050  tube  furnished 
the  relay  keying  pulse.  The  power  supply  circuit  is 
also  shown  in  this  figure.  The  circuit  diagram  shown 
in  Figure  126  is  that  of  the  circuit  in  the  choke  box, 
which  contained  the  send-receive  relays  and  the 


2.  ALL  PARASITIC  SUPPRESSOR  CHOKES 
CONSIST  OF  1000-n-  2  W  RESISTORS 
WOUND  WITH *30  SCE  WIRE 


Figure  122.  Circuit  diagram  of  MOPA  for  transmitter, 
QH  scanning  sonar.  Model  1. 
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chokes  for  introducing  the  d-c  polarizing  current  to 
the  transducer  elements. 

5.7.5  Transmitters  for  QH  Scanning  Sonar 
Model  2 

During  the  shipboard  testing  of  the  Model  1  sys¬ 
tem,  laboratory  development  of  transmitters  for  CR 
scanning  sonar  was  continued.  This  included  testing 
different  types  of  transmitter  tubes,  the  development 
of  output  and  interstage  transformers,  hand-keying 
circuit  tests,  bump-back  filter  tests,  and  some  work  on 
spark  gap  transmitters.  This  work  resulted  in  the  de¬ 
sign  and  construction  of  three  identical  transmitters. 
One  of  these  (Serial  1)  was  used  in  the  QH  scanning 
sonar  Model  2  (the  prototype  for  the  XQHA  gear);70 
another  was  used  for  experimental  purposes  in  the 
laboratory. 

The  proposed  design  for  a  spark  transmitter  in¬ 
volved  the  use  of  a  power  supply  with  energy  storage 
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36  CHOKES  TOTAL 


Figure  125.  Circuit  diagram  o£  relay  keying  circuit  and  Figure  126.  Circuit  diagram  of  choke  box,  QH  scanning 

power  supply,  QH  scanning  sonar,  Model  1.  sonar,  Model  1. 


filters,  a  spark  gap  (fixed  or  rotary)  in  series  with  the 
power  supply  output,  and  a  tuned  circuit,  the  latter 
being  coupled  to  the  transducer  as  indicated  in  Fig¬ 
ure  127A.  It  was  also  proposed  that  a  gap  having 
sufficient  spacing  to  prevent  arcing  at  the  normal 
power  supply  voltage  be  used  and  that  an  additional 
voltage  in  series  with  the  gap  and  sufficient  to  initiate 
the  arc  be  introduced.  This  voltage  was  to  be  either 
a  high-frequency  a-c  pulse— say  2  me— or  a  continuous 
a-c  excitation  keyed  by  a  vacuum-tube  relay  (Figure 
127B).  Although  some  work  was  done  on  this  system 
(the  2-mc  oscillator  and  a  rotary  gap  were  construct¬ 
ed),  because  of  the  pressure  of  other  work,  the  pro¬ 
gram  was  not  continued.  Later  some  experimental 
work  was  done  using  thyratrons  and  pulse  lines  in 
connection  with  ER  sonar  development  which  of¬ 


fered  similar  possibilities  of  simple  transmitter  con¬ 
struction.  This  is  described  in  Chapter  7. 

In  developing  the  transmitter  for  the  Model  2  scan¬ 
ning  system,  several  tube  types  were  tested.  Type  829 
proved  unsuitable,  but  types  715B  and  304TH,  when 
used  in  the  final  amplifier  stage,  gave  outputs  of  8  kw 
and  10  kw,  respectively.  Types  8005  and  807  were 
used  as  driver  tubes  for  the  304TH  tubes,  using  cath¬ 
ode  coupling.  The  807  gave  insufficient  output,  and 
even  with  type  8005,  difficulty  was  encountered  in 
driving  the  304TH  tubes.  The  715B  was  chosen  as  the 
most  suitable,  additional  reasons  for  this  choice  being 
its  lower  filament  power  requirement,  and  the  re¬ 
moval  of  type  304TH  from  the  Navy-approved  list. 
The  use  of  interstage  transformer  coupling  (in  the 
driver  plate)  proved  better  than  cathode  coupling. 
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Figure  127.  Basic  spark  transmitter  circuits. 
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Figure  128.  Front  view  of  transmitter,  QH  scanning 
sonar,  Model  2. 


Figure  129.  Rear  view  of  transmitter,  QH  scanning 
sonar,  Model  2. 


The  Model  2  transmitter  was  then  constructed, 
using  two  715B  tubes  in  parallel  as  a  final  amplifier. 
These  tubes  were  driven  by  a  single  715B,  and  this  in 
turn  by  a  6V6GT  buffer  amplifier.  Difficulty  was  en¬ 
countered  with  undesired  feedback.  For  hand-keying 
with  limited  power  output,  a  feedback  circuit  was 
tried  using  a  6V6  to  rectify  some  of  the  output,  the  re¬ 
sulting  voltage  being  filtered  and  used  as  a  bias  for 
the  6V6GT  amplifier.  Radio-frequency  feedback 
troubles  prevented  this  circuit  arrangement  from 
working  out  satisfactorily.  Another  scheme  for  under¬ 
water  communication  was  tried  in  which  120  cycles 
was  used  in  hand-keying  to  modulate  the  signal  fre¬ 
quency  and  thereby  to  reduce  the  average  drain  on 
the  power  supply.  This  was  satisfactory  because  the 
arrangement  did  not  involve  a  feedback  path. 

Although  unicontrol  tuning  (sec  Figure  11)  had 
been  proposed  for  the  QH  Model  1  system  and  a  re¬ 
ceiver  incorporating  the  necessary  circuits  had  been 
constructed,  no  provision  had  been  made  for  this  fea¬ 
ture  in  the  transmitter.  However,  the  Model  2  trans¬ 
mitter  was  designed  for  unicontrol,  and  functioned 
satisfactorily.  The  common  heterodyning  oscillator 


was  in  the  receiver,  with  its  output  coupled  through 
a  cathode  follower  to  the  transmitter.  Because  of  the 
length  of  the  coupling  line  and  its  capacitance,  the 
high-frequency  signal  (80  kc  to  91  kc)  was  consider¬ 
ably  attenuated,  and  it  was  necessary  to  use  a  step-up 
transformer  at  the  transmitter  end  of  the  line.  Figures 
128  and  129  arc  photographs  of  the  transmitter  final¬ 
ly  designed  and  built.  It  was  constructed  with  three 
chassis.  The  bottom  chassis  contained  the  high-volt¬ 
age  power  supply;  the  middle  chassis,  the  driver  and 
output  amplifier;  the  top  chassis,  the  low-voltage 
power  supply,  converter,  and  keying  unit.  The  chassis 
were  mounted  on  roller  slides  for  easy  access  in  main¬ 
tenance.  The  only  adjustment  provided  was  a  poten¬ 
tiometer  which  controlled  the  pidse  length. 

Figure  130  is  the  circuit  diagram  for  the  high-volt¬ 
age  power  supply  chassis.  The  on-off  switch  on  the 
console-supplied  power  to  operate  relay  K301,  which 
connected  the  transmitter  to  the  ship’s  power  line. 
A  time-delay  relay  S-301  prevented  excessive  line  cur¬ 
rent  during  the  warm-up  time  of  the  rectifier  and  am¬ 
plifier  tubes  (715B  tubes  require  ]/,  to  3  minutes  for 
heating).  C-301,  L-301,  and  C-302  formed  the  bump- 
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Figure  130.  Circuit  diagram  of  transmitter  power  sup¬ 
ply  (chassis  A),  QH  scanning  sonar.  Model  2. 


back  filter  (see  below)  and  R-303  served  as  a  bleeder 
resistor  for  this  supply. 

Figure  131  is  a  circuit  diagram  of  the  driver  and 


output  amplifier,  which  had  three  stages  of  amplifica¬ 
tion  with  transformer  coupling. 

Figure  132  is  a  schematic  diagram  for  the  converter 
chassis.  A  full-wave  power  supply  supplied  720  volts 
for  the  715B  screens;  310  volts  for  the  V-304  keying 
tube,  V-303  oscillator,  and  V-305  converter;  and  —280 
volts  for  grid  bias  on  the  715B  grids  and  in  the  con¬ 
verter  and  keying  tube  chassis.  The  120-cycle  voltage 
used  in  the  hand-keying  circuit  was  obtained  from 
the  rectifier  through  a  l-^f  capacitor. 

Keying  was  accomplished  by  the  relay  K-302,  lo¬ 
cated  in  the  plate  circuit  of  V-304,  which  removed 
the  negative  bias  from  the  converter  screen,  and  the 
short  circuit  from  the  transmitter  output.  At  the  same 
instant,  the  ground  return  for  the  commutator  input 
transformer  primaries  was  opened.  The  positive  key¬ 
ing  pulse  obtained  from  the  sweep  circuits  in  the  con¬ 
sole  drove  the  grid  of  V-  304  positive.  Since  the  grid 
was  normally  biased  to  cutoff,  the  positive  pulse 
caused  plate  current  to  flow,  closing  the  relay.  Also 
as  a  result  of  grid  current  in  V-304,  the  capacitor  C- 
310  was  charged  by  the  positive  pulse.  This  charge 
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Figure  132.  Circuit  diagram  of  transmitter  keying  unit  power  supply  (chassis  B),  QH  scanning  sonar,  Model  2. 


leaked  off  through  resistors  R-311  and  R-313  until 
the  tube  was  again  cut  off.  Since  the  time  constant 
was  made  adjustable  by  making  R-311  variable,  the 
length  of  time  that  the  relay  was  closed  could  lie  con¬ 
trolled  to  fix  the  proper  pulse  length. 

Frequency  conversion  was  accomplished  by  mixing 
the  unicontrol  oscillator  output  (80  kc  to  92  kc)  with 
a  60-kc  output  from  the  local  oscillator,  V-303,  to  pro¬ 
duce  20-kc  to  32-kc  signal.  This  conversion  took  place 
in  V-305,  the  high  frequency  being  fed  to  the  control 
grid  and  the  60  kc  to  the  screen,  and  a  filter  T-308 
separated  the  20  kc  to  32  kc  from  the  higher  frequen¬ 
cies  in  the  mixer  output.  The  20-kc  to  32-kc  output 
was  used  to  excite  the  6V6  amplifier  on  the  third 
chassis.  For  code  communication,  operation  of  the 
hand-key  closed  relay  K-303  (Figure  132)  which  op¬ 
erated  K-302  (Figure  132)  by  removing  the  bias  on 
V-304  and  connected  the  120-cycle  voltage  across  R- 
321,  causing  modulation  of  the  r-f  signal.  Later,  a 
200-ohm  resistor  was  added  across  the  secondary  of 
T-304  and,  for  tuning  the  output  load,  a  .38-pf  capa¬ 
citor  was  shunted  across  the  secondary  of  T-305  and 


a  .37-p.f  capacitor  placed  in  series  with  the  output 
lead. 

Figures  133  and  134  show  the  choke  box,  which 
contained  the  circuits  necessary  to  introduce  a  polar¬ 
izing  current  to  the  transducer,  and  to  complete  the 
scnd-rcccive  network.  It  also  served  as  a  junction  box 
for  interconnection  of  the  transducer  cable,  the  two 
commutator  input  cables,  and  the  transmitter  output 
cable.  The  7-mh  chokes  and  .05-p.f  coupling  capaci¬ 
tors  were  provided  to  tunc  the  transducer  circuits  to 
the  proper  impedance.  These,  with  the  .38-/J  and  .37- 
jxi  capacitors  mentioned  in  the  preceding  paragraph, 
reflected  a  50-ohm  load  across  the  secondary  of  the 
output  transformer  T-305. 

The  general  construction  of  the  final  amplifier  out¬ 
put  transformer  (also  the  one  used  between  the  driver 
and  final  amplifier  stage)  is  shown  in  Figure  135  and 
Figure  136.  This  transformer  was  designed  to  work 
into  a  50-ohm  resistive  load  and  reflected  approxi¬ 
mately  750  ohms  when  tuned  to  28  kc  with  .015  /if. 
Unloaded  (interstage  use),  the  tuning  capacitor  re¬ 
quired  for  28  kc  was  .006  /if.  The  primary  self-induc- 
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Figure  133.  Rear  view  of  choke  box,  QH  scanning  sonar. 
Model  2. 

tance  was  5.6  to  6.0  rah,  the  coil  having  295  turns  of 
No.  15-36  Litz  wire  in  a  universal  winding  with  14- 
inch  throw.  The  secondary  had  four  spiral-wound 
pies  of  45  turns  each,  using  No.  15-36  Litz  wire.  Its 
self-inductance  was  1.75  rah. 

A  few  difficulties  were  found  on  installation.83  The 
long  ground  leads  involved  in  the  send-receive  net¬ 
works  between  transmitter  and  choke  box  caused 


trouble  due  to  noise  pickup  and  pickup  of  signal  fre¬ 
quency  in  the  unicontrol  circuit.  Shortening  these 
leads  solved  this  difficulty. 

Initially,  the  installation  on  USS  Cythera  used  the 
choke  box83  from  the  Model  1  system.  Later  this  was 
removed  and  the  choke  box  described  above  was  in¬ 
stalled.84  Considerable  power  loss  occurred  in  the 
choke  box.  The  measured  transmitter  output  was 
6,450  watts.  The  power  output  of  the  choke  box  into 
the  transducer  was  3,800-2,950  watts.  Thus,  the  choke 
box  efficiency  was  about  44  per  cent,  and  the  power 
lost  about  3,600  watts. 

Some  investigation85  was  made  of  temperature 
compensation  of  the  oscillators  in  the  QH  Model  2 
sonar.  Since  the  time  rate  of  change  of  temperature 
was  extremely  rapid  in  the  tests,  it  is  doubtful  that 
the  tests  were  at  all  representative  owing  to  the  differ¬ 
ent  thermal  inertias  of  various  materials  involved. 

5  7  6  Bump-Back  Filters 

In  designing  transmitters  for  CR  scanning  sonars, 
the  fundamental  problem  was  to  obtain  a  supersonic 
acoustic  signal  in  the  water  in  the  form  of  a  pulse  as 
powerful  as  possible  without  producing  cavitation. 
With  standard  construction  this  would  have  required 
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Figure  134.  Circuit  diagram  of  choke  box,  QH  scanning  sonar,  Model  2- 


CONFIDENTIAL 


200 


COMMUTATED  ROTATION  SCANNING  SONAR 


Figure  135.  Assembly  cross  section,  transmitter  output 
transformers.  QH  scanning  sonar,  Model  2. 

a  large  power  supply  to  produce  several  kilowatts  of 
electric  power.  Since  signal  power  was  actually 
needed  for  about  3  per  cent  of  the  time  (30-msec 
pulses  at  1-second  intervals),  this  meant  inefficient 
utilization  of  space  and  transmitter  components,  un¬ 
less  some  means  were  found  to  store  energy  during 
the  unused  portion  of  the  duty  cycle. 

Radar  systems  were  faced  with  a  similar  problem 
and  developed  the  energy-storage  or  duty-cycle  type 
of  power  supply,  which  stored  energy  in  a  filter  by 
charging  at  a  slow  rate  between  pulses  and  discharg¬ 
ing  at  a  fast  rate  during  the  pulses. 

A  transmitter  utilizing  the  charge  and  discharge 
of  a  large  capacitor  for  its  plate  supply  was  first  used 
at  HUSL  in  the  transmitter  for  the  "Anchor”  proj¬ 
ect,86  but  was  unsuccessful.  A  similar  arrangement 
was  to  have  been  used  in  the  36-tube  amplifier  which 
was  not  constructed.  It  was  then  suggested87  that  the 
simple  aperiodic  condenser  discharge  circuit  used 
previously  might  be  replaced  by  a  filter  using  both 
inductance  and  capacitance,  thus  allowing  more  than 
one  parameter  for  adjustment,  and  perhaps  enabling 
the  discharge  curve  to  be  made  to  approximate  a  fiat- 
top  pulse. 

Further  tests88  established  the  fact  that  low-pass 
filter  networks  could  be  designed  to  produce  approxi¬ 
mations  of  square  wave  pulses.  Conferences  were 


held  with  Radiation  Laboratory  personnel,  the  gen¬ 
eral  methods  for  radar  work  were  disclosed,  and  a 
comparison  was  made  of  the  factors  involved  in  radar 
applications  and  in  sonar  work.80’ 9n' 01  These  are 
pulse  length,  repetition  rate,  and  peak  power. 

In  the  development  of  the  Blockbuster  transmit¬ 
ters,  a  simple  pulse-forming  filter  was  used.  The  rec¬ 
tifier  charged  capacitors  in  a  low-pass  pi-section  filter 
(see  Figures  121  and  129).  The  characteristics  of  this 
bump-back  filter  can  be  shown  by  analyzing  and  com¬ 
paring  the  circuits  of  Figures  137A  and  138A.02  The 
first  circuit  represents  the  use  of  a  straight  capacitor 
storage  system,  and  the  second,  the  simple  bump-back 
filter  used  in  the  CR  sonar  transmitter  power  sup¬ 
plies.  R  in  each  case  represents  the  load  on  the  power 
supply  during  transmission  of  the  pulse.  While  the 
actual  load  was  probably  neither  purely  resistive  nor 
constant,  the  assumption  of  a  constant  resistance  load 
served  to  predict  the  experimental  results  with  rea¬ 
sonable  accuracy.  The  switch  .S'lF  represents  the  effect 
of  pulsing  a  class  C  amplifier  by  considering  it  to  close 
only  for  the  transmitting  period.  The  capacitors  are 
considered  to  be  charged  to  a  voltage  En  by  the 
rectifiers. 


NOTE: 

FIX  COIL  TO  PARTS  ©  S©  USING  ACETATE  TAPE. 

APPLY  2  EMPIRE  CLOTH  RINGS.  FIX  ANOTHER  SPIRAL 
COIL  TO  SECOND  EMPIRE  CLOTH  RING  USING  ACETATE 
TAPE.  CONNECT  INNERLEAOS  OF  COILS. 

WINDINGS  MUST  BE  AIDING. 

Figure  130.  Details  of  coils,  transmitter  output  trans¬ 
formers,  QH  scanning  sonar.  Model  2. 
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The  load  current  for  the  two  cases  may  be  found  lating  current  having  a  frequency  determined  closely 
from  the  approximate  expressions  by 


,•  _  ^  R{C 1  +  c2) 
Re 


(circuit,  Figure  137A) 


2^  L 


(Cj  +  C2) 


=  —  eR(Cl  +  [1  -  A  cos  (uf  -  w/2)] 


The  current  through  the  choke  is  approximately  ex¬ 
pressed  by  (see  Figure  138B) 


(circuit,  Figure  138 A) 


R(C  i  +  C2) 


eR(ci  +  c2)  _  cos 


2<dLC1C2 
-R(Ci  +  C2) 


and  to  = 


(CiCa) 

Ci  +  c2 


Since  the  output  voltage  will  be  proportional  to 
this  current,  the  pulse  shapes  will  be  as  shown  in  Fig¬ 
ures  137B  and  138C.  In  the  first  case  the  voltage 
falls  off  with  a  slope  determined  by  the  time  constant 
R(C1  +  C2).  In  the  second  case  the  average  slope  is 
the  same,  but  the  initial  slope  is  determined  by  the 
time  constant  RC2,  and  the  average  slope  is  modu¬ 
lated  by  the  current  through  the  inductor  L  and  ca¬ 
pacitor  Cx  (see  Figure  138B).  This  is  a  damped  oscil- 


Besides  reducing  power  supply  size  and  increasing 
efficiency,  the  bump-back  filter  thus  controls  pulse 
shape.  The  latter  factor  was  of  interest  for  three  rea¬ 
sons:  It  was  desirable  to  have  the  echo  strength  inde¬ 
pendent  of  bearing  but,  if  there  were  considerable 
slope  in  the  pulse  envelope,  this  would  not  be  true; 
extreme  slope  would  produce  serious  bearing  errors; 
and,  it  was  thought  that  proper  shaping  of  the  pulse 
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would  reduce  the  likelihood  of  detection  by  the  ene¬ 
my— especially  with  short  pulses  and  the  “single 
ping”  type  of  operation  sometimes  used  in  subma¬ 
rine  operation.1*3’ 94  Reliance  on  the  bump-back  filter 
in  the  plate  supply  to  produce  the  required  pulse 
shape  may  require  a  rather  complicated  filter  circuit. 
However,  pulse  shaping  can  also  be  accomplished  by 
control  of  the  voltages  applied  to  the  other  electrodes 
of  the  tubes  in  the  final  amplifier  stage,  or  earlier 
stages.  This  is  a  less  complicated  alternative.  The 
voltage  across  a  simple  storage-type  filter  falls  off  at  a 
rate  depending  on  the  amount  of  plate  current 
drawn,  which  in  turn  is  a  function  of  the  potential  of 
the  other  tube  electrodes.  With  715B  tubes,  the  plate 
current  increases  with  screen  voltage  and  driving 


power,  and  decreases  with  increasing  negative  grid 
bias.  If  the  plate  current  is  deliberately  reduced  dur¬ 
ing  the  early  part  of  the  transmitting  period  and  then 
gradually  increased  by  varying  the  electrode  poten¬ 
tials,  the  output  signal  pulse  envelope  may  be  made 
to  approach  square  wave  form  with  a  straight  capa¬ 
citance  storage  type  of  plate  supply  filter. 

Two  methods  of  controlling  the  electrode  poten¬ 
tials  have  been  tried— one  by  HU.SL,  and  another  by 
the  Sangamo  Electric  Company  in  its  XQHA  trans¬ 
mitter. 

HUSL  Method 

In  the  26-kc  depth-scanning  sonar  transmitter,  de¬ 
signed  and  built  at  HUSL,  a  choke  (T17COOB  in 
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Figure  139)  was  added  to  the  screen  supply  for  the 
three  715B  tubes.  The  action  of  this  choke  was  as  fol¬ 
lows:  at  the  beginning  of  the  pinging  period,  a  con¬ 
siderable  drop  in  the  screen  voltage  occurred  because 
of  the  impedance  of  the  screen  choke  and  the  very 
rapid  rise  in  the  screen  current.  Hence,  the  screen  po¬ 
tential  was  low  at  first,  and  this  tended  to  limit  the 
initial  high  surge  of  plate  current  through  the  tube. 
With  proper  choke  inductance,  the  net  effect  was  to 
round  off  the  initial  sharp  peak  in  the  signal  pulse 
which  was  otherwise  obtained  without  the  screen 
choke.  Figure  140  is  a  sketch  showing  the  approxi¬ 
mate  effect  of  the  choke  with  and  without  the  use  of 
the  bump-back  filter  in  the  plate  supply.  Photographs 
of  the  transmitting  pulse  envelope  as  appearing  on  a 
CRO  are  shown  in  Figures  141,  142,  and  143.  These 
show  the  results  of  varying  the  operating  conditions 
in  the  transmitter. 

Sangamo  Method 

Sangamo  Electric  Company  engineers  found  that 
in  testing  the  amplifier  circuits  of  the  QH  Model  2 
system  transmitter,  the  high  initial  screen  and  grid 
currents  of  the  715B  tube  dropped  the  screen  supply 
voltage  and  raised  the  grid  bias  voltage  very  rapidly 
during  the  initial  portion  of  the  signal  pulse.  How¬ 
ever,  if  the  screen  voltage  were  reduced  to  approxi¬ 
mately  150  volts,  the  screen  would  draw  no  current; 
and  below  150  volts,  the  screen  current  reversed  be¬ 
cause  of  the  high  screen  secondary  emission,  and 
charged  the  power  supply  filter.  At  these  low  voltages. 
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Figure  140.  Output  pulse  shapes  with  and  without  screen 
choke. 


PULSE  SHAPE  PULSE  SHAPE 

NO  BUMP-SACK  WITH  BUMP-BACK 


Figure  141.  Output  wave  forms  and  pulse  shapes,  with 
and  without  bump-back  filter,  26-kc  depth-scanning 
sonar. 

the  output  pulse  was  quite  rectangular  but  the  power 
was  low.  In  the  final  design  of  their  transmitter,  it  was 
decided  to  hold  the  screen  supply  voltage  to  about 
350  volts,  and  to  add  sufficient  capacitance  in  the 
supply  filter  to  hold  its  voltage  reasonably  constant 
during  the  pulse  period.  The  grid  bias  supply  filter 
was  split  into  two  sections,  additional  capacitance 
and  bleeder  action  being  added  to  the  section  for  the 
final  amplifier  grids  to  hold  the  bias  voltage  constant. 
The  grid  current  for  the  intermediate  stage  was  not 
excessive. 

While  the  bump-back  filter  held  up  the  end  of  the 
pulse,  it  made  the  initial  portion  steeper,  while  the 
average  power  remained  practically  the  same.  The 
Sangamo  Electric  Company  decided  that  a  simple 
capacitor  storage  system  would  perform  satisfactorily 
and  the  elimination  of  the  rather  large  choke  was 
welcomed.  For  rapid  pinging  (short  ranges)  the  capa¬ 
citors  did  not  charge  to  full  voltage,  so  that  the  power 
output  was  suitably  reduced. 

It  was  also  found  at  the  Sangamo  Electric  Company 
that  by  proper  variation  of  the  driving  signal  level 
the  pulse  shape  could  be  controlled  and  its  slope  re¬ 
duced.  Figures  144A,  B,  and  C  show  this  effect. 

Figure  145  shows  a  keying  circuit  which  was  devel- 
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Figure  142.  Wave  forms  and  pulse  shapes  at  grid  of  final 
amplifier,  with  and  without  bump-back  filter,  2f>-kc 
depth-scanning  sonar. 

oped  by  the  Sangamo  Electric  Company  in  order  to 
control  the  pulse  shape  of  the  driver  output.  The  nor¬ 
mal  keying  circuit  for  the  mixer  tube  merely  removed 
the  grid  bias  during  transmission  by  grounding  the 
grid  end  of  the  resistor  fi2  through  relay  contacts 
marked  SIT.  This  gave  a  rectangular  driving  pulse. 
By  inserting  a  choke,  /.,  shunted  by  the  resistor  7?,  in 
series  with  switch  .SIT,  the  driving  pulse  could  be 
shaped  as  shown  in  Figure  H  I.  This  method  of  shap¬ 
ing  had  one  disadvantage.  The  driving  signal  level  to 
the  primary  of  the  input  transformer  (Figure  145) 
had  to  be  held  quite  constant.  This  made  for  a  critical 
circuit— especially  critical  to  any  reduction  in  the 
signal. 

5-7-7  Transmitter  for  Model  XQHA 
Scanning  Sonar 

The  transmitters  as  designed  and  constructed  by 
the  Sangamo  Electric  Company  for  Model  XQHA 
scanning  sonar1  were  based  on  those  used  with  the 
HUSL  QH  Model  2  scanning  sonar.  Four  identical 
units  were  constructed  and  tested  (see  previous  sec¬ 


Figurk  143.  Wave  forms  and  shapes,  grid  of  6V6  ampli¬ 
fier  and  grid  of  7I5B  driver,  26-kc  depth-scanning  sonar. 


tions).  There  were  six  basic  differences  between  the 
XQHA  and  the  QH  Model  2  transmitters: 

1.  A  higher  plate  supply  voltage  was  used  in  the 
XQHA  transmitter-amplifier  tubes  (4,200  versus 
2,900  volts  direct  current),  which,  with  the  use  of 
permanent  magnet  polarization  and  other  improve¬ 
ments  in  the  transducer,  increased  the  efficiency,  and 
raised  the  acoustical  power  output. 

2.  The  bump-back  feature  in  the  power  amplifier 
supply  filter  was  dropped,  and  a  straight  capacitive 
filter  used. 

3.  A  bufTer  amplifier  was  added  between  the  60-kc 
oscillator  and  the  converter  stage. 

4.  The  screen  and  bias  power  supplies  were 
changed  to  permit  energy  storage  operation. 

5.  The  circuits  controlling  pulse  length  were 
changed  and  provision  made  to  measure  the  pulse 
length  on  the  PPI  scope. 

6.  The  mechanical  layout  and  construction  were 
changed  to  adapt  them  to  Sangamo  production  prac¬ 
tice  and  interpretations  of  Navy  requirements. 

Figures  146  through  150  show  photographs  and  a 
circuit  diagram  of  the  XQHA  transmitter. 
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ABC 

OVERDRIVEN  CORRECT  DRIVE  UNDER  DRIVEN 


NO  BUMP  BACK  FILTER 
OUTPUT  PULSE  SHAPE 


D  E 

DRIVING  PULSE  OUTPUT  PULSE 

NO  CHOKE  IN  GRID  CIRCUIT 


F  G 

DRIVING  PULSE  OUTPUT  PULSE 

WITH  CHOKE  IN  GRID  CIRCUIT 
Figure  144.  Pulse  shapes  with  excitation  control. 


Figure  145.  Diagram  of  shaping  circuit  for  excitation 
control. 


5  8  SWEEP  AND  TIMING  CIRCUITS 
5.8.i  Functions  for  a  CR  Scanning  System 

In  a  CR  scanning  sonar  there  are  several  functions 
which  must  be  closely  coordinated  and  therefore  re¬ 
quire  close  control  of  time  intervals.  These  functions 
are: 

1.  Generation  of  the  spiral  sweep  for  the  plan  posi¬ 
tion  indicator  display. 

2.  Range  determination. 

3.  Timing  of  the  ping  interval. 

4.  Blanking  of  the  PPI  screen  during  the  flyback 
period  or  return  of  the  sweep. 

5.  Control  of  the  ping  period. 

Generation  of  Spiral  Sweep  for  PPI  Display 

In  general,  all  scanning  sonars  have  used  a  PPI 
display  with  a  spiral  sweep  that  started  from  the 
screen  center,  representing  the  position  of  own  ship, 
and  expanded  to  the  edge  of  the  screen.  With  a  mag¬ 
netic  deflection  system,  it  was  therefore  necessary  to 
produce  a  rotating  magnetic  field  within  the  cathode- 
ray  tube  and  at  the  same  time  to  increase  its  strength 
linearly  with  time.  To  do  this,  it  was  necessary  to  use 
a  coil  assembly  having  proper  space-phase  relation¬ 
ships  between  coils  and  fed  by  polyphase  voltages,  the 
amplitudes  of  which  followed  a  sawtooth  variation. 
Various  schemes  of  producing  sawtooth-modulated 
polyphase  voltages  have  been  used.  In  all  of  these  the 
chief  problem  was  to  obtain  sufficient  power  to  pro¬ 
duce  the  desired  spiral  expansion  on  the  PPI  screen 
without  distortion. 

In  one  early  design  using  a  two-phase  sweep  sys¬ 
tem,  the  sweep  was  generated  entirely  by  electronic 
circuits,  synchronization  being  obtained  by  a  contac¬ 
tor  attached  to  the  scanning  commutator  shaft.  A  sig¬ 
nal  of  sweep  frequency  was  modulated  in  sawtooth 
fashion  before  it  was  split  into  the  two  phases  neces¬ 
sary  for  the  PPI  deflection  circuit.  In  all  other  de¬ 
signs,  a  rotating  generator  device  coupled  to  the  scan¬ 
ning  commutator  shaft  was  used.  One  of  these  was  a 
sinusoidal  capacitor  mechanism  described  later  in 
this  section;  however,  the  most  practical  and  success¬ 
ful  means  of  obtaining  the  polyphase  sweep  voltages 
has  been  the  use  of  a  polyphase  a-c  generator  coupled 
to  the  scanning  commutator  shaft.  Two-phase  genera¬ 
tors  were  first  used,  but  were  later  discontinued  in 
favor  of  three-phase  units. 

Sawtooth  current  excitation  was  supplied  to  the 
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Figurk  I  if>.  Front  view  of  iransmillor  unit,  Model 
NOHA  scanning  sonar. 


Figure  117.  Front  interior  view  of  transmitter  unit, 
Model  XQHA  scanning  sonar. 


rotqr  field  of  the  a-c  generator,  which  produced  the 
requisite  sinusoidal  polyphase  end's.  For  synchroni¬ 
zation,  the  unit  was  directly  coupled  to  the  scanning 
commutator  shaft.  Since  two-phase  deflection  coils 
were  the  first  standard  equipment,  they  were  used 
with  the  two-phase  sweep  generator  and  in  some  cases 
with  a  three-phase  sweep  generator  and  Scott-con¬ 
nected  transformers.  In  the  more  recent  CR  scanning 
sonars,  three-phase  spiral-sweep  generators  and  three- 
phase  deflection  coils  have  been  used  throughout. 

Range  Determination 

The  function  of  range  measurement  is  associated 
with  time  because  the  velocity  of  sound  in  sea  water 
is  substantially  constant,  and  the  range  is  therefore 
determined  by  the  time  lapse  between  the  emission 
and  return  of  the  sound  pulse.  The  early  CR  systems 
had  no  means  of  range  determination  other  than  a 
visual  estimate  based  on  the  known  approximate 
maximum  range  of  the  PPI  display.  In  the  later  CR 


systems  (HUSL  QH  Model  2  and  the  Sangamo  Model 
XQHA),  a  chemical  range  recorder  was  used  as  an 
auxiliary  means  of  more  accurate  range  determina¬ 
tion.  When  used,  the  recorder  was  connected  to  the 
output  of  the  hand-trained  listening  channel. 

Timing  of  Ping  Interval 

The  time  interval  between  pings  was  another  func¬ 
tion  whose  accurate  control  was  necessary  to  the  suc¬ 
cessful  performance  of  the  CR  scanning  sonar.  In 
the  first  experimental  systems,  the  operator  initiated 
the  ping  by  means  of  a  hand  key,  the  length  of  the 
ping  period  being  determined  by  a  simple  type  of 
relaxation  oscillator.  In  later  systems,  both  electronic 
circuits  and  mechanical  timers  were  used  to  control 
the  time  interval  between  pings.  These  are  discussed 
later  in  this  section. 

Blanking  of  PPI  Screen 

Blanking  pulses  applied  to  the  PPI  tubes  are  neces- 
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Figure  148.  Top  view  of  power  amplifier  chassis,  transmitter  unit.  Model  XQHA  scanning  sonar. 


sary  to  blank  the  tube  during  the  periods  when  the 
spiral  sweep  is  being  collapsed  to  the  center  of  the 
tube  screen.  The  present  method  is  to  make  the  cath¬ 
ode  of  the  PPI  sufficiently  positive  so  that  the  bright¬ 
ening  cannot  occur.  The  blanking  was  made  origi¬ 
nally  for  only  the  duration  of  the  transmission  inter¬ 
val.  In  later  designs,  it  was  made  longer  because  many 
of  the  switching  transients  did  not  die  out  until  an 
appreciable  time  had  elapsed.  In  the  XQHA  system 
the  blanking  was  complicated  because  of  the  necessity 
of  “painting”  an  electronic  cursor  line  on  the  screen 
during  the  return  of  the  sweep. 

Control  of  Ping  Period 

The  pulse  length  was  originally  determined  by  the 
length  of  time  required  for  the  scanning  commutator 
rotor  to  make  one  revolution.  This  was  done  by 
means  of  a  contactor  and  relays.  Subsequently,  the 
length  of  time  that  a  relay  was  held  closed  by  the 


action  of  an  energizing  pulse  was  used  to  determine 
the  ping  length.  This  system  was  replaced  by  one 
utilizing  a  differentiating  circuit  whose  time  con¬ 
stant,  with  certain  critical  voltages,  determined  the 
ping  length.  Other  methods  were  used;  all  are  de¬ 
scribed  in  detail  later  in  this  section. 

5-8.2  Early  Sweep  Development 

All-Electronic  Sweep 

The  first  experimental  CR  scanning  system  used 
the  electronic  spiral  sweep  from  the  MR  system.  No 
range-determining  system  was  used,  and  the  timing 
of  the  transmitted  ping  was  done  by  hand.  There 
was  no  blanking  of  the  returned  trace.  The  length  of 
the  transmitted  ping  was  determined  by  a  pair  of  in¬ 
terlocking  relays. 

The  spiral  sweep  is  shown  in  block  diagram  in  Fig¬ 
ure  151,  and  in  detail  in  Figure  152.  A  simple  con- 
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Figi'Rf.  149.  View  of  converter  chassis,  transmitter  unit.  Model  XQHA  scanning  sonar. 


factor  on  the  rotating  shaft  of  the  commutator  was 
used  to  synchronize  the  signal  from  an  RG  sine  wave 
oscillator.  The  oscillator  supplied  voltage  to  a  modu¬ 
lator  which  in  turn  produced  a  sawtooth-varying 
modulation  of  the  voltage.  The  output  of  the  modu¬ 
lator  was  applied  through  a  bridge-type  phase  split¬ 
ter  into  a  pair  of  power  amplifiers  and  thence  to  the 
2-phase  deflection  coil  assembly  around  the  neck  of 
the  cathode-ray  tube.  All  these  units  were  designed 
to  operate  at  10  c  for  this  trial  system. 

The  saw  tooth  sweep  was  generated  by  the  dis¬ 
charge  of  the  80  /cf  capacitor  (C 101)  through  the 
bleeder  connected  across  it.  During  the  time  of  trans¬ 
mission  of  the  ping,  the  four  switches  SI,  S2,  S3,  S4, 
shown  in  the  network  (Figure  152)  were  closed  simul¬ 
taneously,  connecting  the  capacitor  to  the  battery  and 
the  grid  returns  of  the  6SK7  and  6J5  directly  to  the 
negatively  charged  side  of  the  capacitor,  and  shorting 
the  sweep  output.  Hence,  immediately  after  trans¬ 


mission  of  the  ping,  the  two  tubes  were  biased  nearly 
to  cutoff,  and  as  the  capacitor  discharged,  the  bias 
decreased,  allowing  the  gain  of  the  tubes  to  increase. 
Because  the  output  of  the  oscillator  was  applied  to 
the  grid  of  the  6SK7  with  which  the  6J5  was  cascaded, 
the  output  of  the  6J5  was  a  sine  wave  voltage  starting 
at  almost  zero  amplitude  and  increasing  linearly  with 
time  to  some  maximum  value.  The  switches  also  ef¬ 
fected  prompt  return  of  the  spiral  sweep  to  the  start¬ 
ing  point. 

The  bridge  type  of  phase  splitter  was  adopted 
shortly  before  the  first  trial  of  the  CR  scanning  meth¬ 
od,  and  was  used  with  it.  This  phase  splitter  consisted 
of  a  bridge  circuit  formed  by  two  capacitors  and  two 
resistors,  all  having  the  same  reactance  or  resistance 
at  the  operating  frequency.  With  this  circuit  arrange¬ 
ment,  a  phase-lead  and  a  phase-lag  section  were  con¬ 
nected  across  the  source.  When  the  capacitors  were 
of  equal  value  and  the  resistors  were  of  equal  value. 
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the  phase  difference  between  the  two  output  points  of 
the  bridge  were  exactly  90  degrees  for  all  frequencies 
of  interest.  For  the  operating  frequency,  at  which  the 
reactances  and  resistances  were  numerically  equal, 
the  two  output  voltages  were  equal  in  magnitude. 
The  two  outputs  of  the  phase  splitter  were  amplified 
to  provide  sufficient  current  through  the  two-phase 
PPI  deflection  coils  to  give  the  desired  beam  deflec¬ 
tion. 

It  was  noted  on  the  first  field  trip63  that  the  spiral 
sweep  was  far  from  perfect.  Transients  were  trouble¬ 
some  at  the  beginning  of  the  spiral;  voltages  for  syn¬ 
chronizing  influenced  brightening;  and  60-cycle  hum 
interference  was  noticeable.  Fluctuations  in  the  sup¬ 
ply  voltage,  produced  by  the  normal  operation  of  the 
apparatus,  had  very  pronounced  effects  on  the  cath¬ 
ode-ray  tube.  On  the  second  field  trip,  the  spiral 
sweep  of  the  CR  trace  was  obtained  with  a  manually 
controlled  sweep  because  of  the  severe  transients  that 
remained  in  the  modulator.  A  further  difficulty  was 
that  the  phase  of  the  oscillator  shifted  with  a  change 
in  synchronizing  signal.  It  was  thought  that  it  would 
be  possible  to  use  transformer  coupling  at  the  10-cycle 
frequency  to  eliminate  d-c  transients.  Work  along 
this  line  was  discussed  in  Chapter  4. 

As  previously  stated,  initiation  of  pulse  transmis¬ 
sion  was  manually  controlled  by  use  of  a  hand  key. 
A  contactor  actuated  by  the  scanning  commutator 
provided  a  voltage  pip  at  each  revolution  of  its  rotor. 
When  the  hand  key  was  closed,  the  first  succeeding 
pip  produced  by  the  shaft  contactor  operated  a 
switching  system  composed  of  two  relays  which  were 
so  interlocked  that  the  relay  operating  the  transmit¬ 
ter  closed  at  this  time  and  stayed  closed  until  a  second 
pip,  generated  by  the  next  closing  of  the  contactor, 
released  it.95’ 96’  97 

Following  the  tests  of  the  CR  trial  system  on  the 
Aide  de  Camp,  extensive  developmental  work  on 
spiral  sweeps  was  carried  on,  leading  to  an  all-elec¬ 
tronic  type  and  mechanical  types  using  rotating  capa¬ 
citors  and  polyphase  a-c  generators.7  The  necessity  for 
a  better  spiral-sweep  generator  than  that  used  in  the 
MR  system  grew  out  of  the  more  stringent  require¬ 
ments  of  the  CR  system,  including  accurate  synchro¬ 
nization  of  the  sweep  rotation  with  that  of  the  capa¬ 
citive  commutator. 

At  a  conference  at  HUSL  during  November  1942, 
other  methods  of  securing  range  and  bearing  indica¬ 
tion  were  discussed.98'  99  After  careful  consideration 
of  all  the  suggested  methods  for  the  production  of  a 


Figure  151.  Block  diagram  of  sweep  circuit  for  first  CR 
trials  with  Medusa  transducer. 


spiral  sweep,  that  of  a  capacitive  modulator  was 
chosen  as  most  promising  for  immediate  develop¬ 
ment.100  Other  methods  proposed  the  use  of  two-  or 
three-phase  synchro  generators.  A  two-phase  genera¬ 
tor  was  rewound  for  this  use,  but  was  discarded  be¬ 
cause  of  poor  output  wave  form.  A  small  Elinco  syn¬ 
chro  was  also  tried  but  found  unsatisfactory.  Further 
development  of  the  synchro  generator  method  is  de¬ 
scribed  below. 

Rotating  Capacitive  Sweep  Generator 

A  rotating  capacitor  with  two  sets  of  rotors  spaced 
90  degrees  apart  was  received  for  testing.  It  was  in¬ 
corporated  in  the  circuit  shown  in  Figure  153  which 
was  designed  and  built  early  in  December  1942.  V104 
wras  used  to  linearize  the  sawtooth-varying  voltage 
across  the  2-p.f  capacitor  (C101).  This  voltage  was  ap¬ 
plied  to  two  rotating  sinusoidal  capacitors,  a  and  b, 
mounted  on  the  commutator,  the  outputs  of  which 
were  therefore  sawtooth  modulated  voltages  with  a 
frequency  equal  to  the  rotation  frequency  of  the 
commutator,  and  with  90  degrees  phase  difference. 
This  sweep  was  then  applied  to  the  deflection  coils 
through  two  amplifiers,  each  with  low  output  im¬ 
pedance.  Initiation  of  the  sweep  was  accomplished 
by  use  of  a  switch  SI. 

The  spiral-sweep  generating  capacitor  was  a  KS- 
8534  capacitor  built  by  the  Allen  D.  Cardwell  Manu¬ 
facturing  Company  for  radar  applications,  and  con¬ 
sisted  of  four  sets  of  stator  plates  and  two  sets  of  rotor 
plates  mounted  on  a  shaft.  Rotation  of  this  condenser 
produced  two  outputs,  both  approximately  sinusoid¬ 
al  and  90  degrees  out  of  phase.  This  condenser  was 
modified  mechanically  to  obtain  better  operation  and 
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dynamic  balance,  retaining  the  two  outputs  men¬ 
tioned.  However,  it  was  found  that  the  resulting 
spiral  sweep  was  not  satisfactory  because  of  inaccura¬ 
cies  in  the  condenser. 

In  spite  of  the  apparent  simplicity  of  the  capacitor 
rotation  scheme,  lack  of  availability  of  sufficiently 
accurate  variable  condensers  led  to  abandonment  of 
this  scheme  in  favor  of  schemes  using  polyphase  a-c 
generators. 


VIOI  VI02  VI03 


Figure  153.  Circuit  diagram  of  rotating  capacitive  sweep 
generator. 


583  Sweep  and  Timing  Circuits  of  the 
Auditorium  Demonstration  System 

On  the  basis  of  a  suggestion  coming  from  Canada 
by  way  of  the  MIT  Radiation  Laboratory,  a  simple 
spiral-sweep  system  was  developed  which  consisted  of 
a  synchro  generator  whose  rotor  was  coupled  to  the 
capacitive  commutator  shaft,  and  a  synchro  stator 
coil  assembly  placed  around  the  neck  of  a  cathode- 
ray  tube  to  act  as  a  deflection  coil.  A  sawtooth  sweep 
voltage  obtained  from  a  capacitor-discharge  circuit 
was  amplified  and  applied  to  the  field  of  the  synchro 
generator.  This  gave  good  linearity  after  about  the 
first  four  turns  of  the  spiral,  and  was  sufficiently  satis¬ 
factory  to  be  used  for  some  time.04' S4  The  circuit  is 
shown  in  Figure  154. 

Two  power  supplies  were  used  in  the  sawtooth 
sweep  circuit.  A  positive  supply  was  used  for  the 
plates  and  screens  of  the  two  6L6  cathode  followers. 
A  negative  supply,  stabilized  by  means  of  a  75-volt 
VR  tube,  was  used  to  discharge  the  sweep  capacitor 
and  to  supply  a  negative  voltage  to  the  PPI  deflection 
coils  at  the  beginning  of  the  sweep,  so  as  to  obtain  a 
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Figure  154.  Circuit  diagram  of  sawtooth  generator  for 
spiral  sweep,  auditorium  system. 


rapid  restart  of  the  sweep.  The  4-p.f  (C101)  sweep 
capacitor  was  charged  from  the  positive  supply 
through  one  of  three  resistors  which  determined  the 
maximum  range  of  the  sweep.  A  second  charging  cir¬ 
cuit,  coupling  the  plate  and  grid,  was  used  to  line¬ 
arize  the  sweep,  and  was  also  switched.  The  sweep 
was  restarted  when  the  plate  voltage  of  the  2051  thy- 
ratron,  which  was  the  voltage  across  the  sweep  capa¬ 
citor,  became  sufficiently  positive  with  respect  to  the 
cathode  to  lire  the  thyratron.  The  35-ohm  potentio¬ 
meter  was  used  to  control  this  firing  point.  The  300- 
ohm  potentiometer  controlled  the  initial  radius  of 
the  spiral  sweep. 

The  positive  pulse  appearing  in  the  plate  circuit 
upon  discharge  of  the  sweep  capacitor  was  used  for 
operating  a  control  relay  to  close  the  transmitter  re¬ 
lay,  to  blank  the  scanning  receiver,  and  to  produce 
the  initial  gain  reduction  for  the  receiver  TVG  cir¬ 
cuit.  The  pulse  triggered  a  grid-controlled  rectifier 
whose  output  closed  the  control  relay,  and  charged  a 
l-/xf  capacitor  (C102)  across  the  relay  coil.  The  relay 
remained  closed  until  the  capacitor  had  partly  dis¬ 
charged,  thus  determining  the  length  of  the  trans¬ 
mitted  ping. 

In  this  auditorium  demonstration  system,  the 
sweep  generator  was  a  GE  110-55  volt  three-phase 
synchro  transmitter  which  had  a  maximum  of  3  volts 
of  direct  current  applied  across  its  field  winding.  A 
GE  three-phase  55-55  volt  differential  synchro  was 
inserted  between  the  generator  and  the  stator  coil  of 
a  Diehl  115-volt  synchro  repeater  around  the  neck 
of  the  cathode-ray  tube,  so  that  the  bearing  of  the 
display  could  be  changed  in  synchronism  with  the 


position  of  the  rotor  of  the  DG.  The  shaft  of  the  DG 
was  positioned  according  to  the  compass  heading  of 
the  imaginary  ship  so  that  the  resultant  display  was 
a  plot  in  true  bearing  rather  than  relative  bearing. 

s.sA  Further  Sweep  Development 

Because  synchros  were  difficult  to  obtain  at  the 
time  of  these  experiments,  a  search  was  made  for  some 
other  type  of  polyphase  spiral-sweep  generator.7  A 
Kollsman  two-phase  synchro,  type  738  (similar  to 
Size  1  synchro),  which  required  an  amplifier  in  each 
output  phase  to  supply  the  requisite  power  to  the  de¬ 
flection  coils,  was  tried.  The  wave  form  was  excellent, 
and  a  circle  which  appeared  perfect  to  the  eye  was 
obtained. 

To  get  more  voltage  from  this  generator,  its  rotor 
field  was  rewound  to  obtain  180  ohms  resistance. 
More  than  enough  voltage  was  then  generated  to  ex¬ 
pand  the  spiral  from  the  screen  center  to  well  beyond 
the  outside  of  the  PPI  tube  with  a  6F6  cathode  fol¬ 
lower  in  the  sawtooth  sweep  circuit.  The  linearity 
was  considerably  improved  and  the  wave  form  was 
still  good. 

Further  tests  showed  that  a  Size  1  synchro  generator 
did  not  generate  sufficient  voltage  without  amplifiers 
to  give  full-scale  PPI  deflection.  The  next  choice  was 
a  GE  5  CT  synchro  as  the  three-phase  spiral-sweep 
generator.  For  a  short  period  a  standard  two-phase 
deflection  coil  assembly  was  used  with  the  unit,  con¬ 
version  from  three-  to  two-phase  being  effected  by  use 
of  a  Scott-connected  transformer  network.  Later  the 
three-phase  generator  with  three-phase  deflection  coil 
spiral  sweep  was  adopted  in  all  further  scanning 
sonars.101 

5.8.5  Sweep  and  Timing  Circuits  for  the 
Aide  de  Camp  ER/CR  Scanning  Sonar 

The  ER/CR  scanning  sonar,  installed  on  the  Aide 
de  Camp,  used  the  same  type  sawtooth  sweep-genera¬ 
tor  circuit  that  had  been  developed  for  the  auditori¬ 
um  demonstration  system  except  that  the  parallel 
6L6  cathode  followers  were  replaced  by  a  single  6F6. 
The  circuit,  shown  in  Figure  155,  has  just  been  dis¬ 
cussed. 

Up  to  this  time  range  determination  had  been 
largely  a  visual  estimation  of  the  radial  distance  of 
the  echo  spot  from  the  center  of  the  PPI  face.  This 
procedure  was  dependent  upon  the  linearity  of  the 
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Figure  155.  Circuit  diagram  of  sweep  generator  (chassis 
D)  Aidk  uk  Camp  F.R/C.R  scanning  sonar. 


sweep,  the  sweep  repetition  rate,  and  the  length  of 
the  dead  time.  After  several  proposals  were  consid¬ 
ered,102'  103  a  counting  method  was  chosen  for  devel¬ 
opment,  using  an  electronic  counter  to  measure  time 
intervals  and  hence  range.  This  method  was  also 
combined  with  range-marking  methods.  The  specific 
designs  are  described  below. 

First  consideration  of  the  problem  suggested  the 
use  of  a  lead-lag  sine  wave  oscillator  similar  to  that 
used  to  generate  the  4-cycle  MR  sweep,  followed  by 
clipping  and  differentiating  circuits  to  form  a  pulse 
from  each  cycle.  Another  method  used  the  same  gen¬ 
eral  circuit  arrangement,  but  replaced  the  sine-wave 


oscillator  by  a  relaxation  oscillator  whose  frequency 
was  1.6  c.  The  square  differentiated  pulse  had  a 
length  of  30  msec,  equal  to  the  period  of  one  revolu¬ 
tion  of  the  sweep.  This  pulse  was  used  to  brighten  the 
PPI  tube;  it  produced  a  circle  on  the  face  of  the  tube 
every  500  yards.  The  pulse  was  also  used  to  synchro¬ 
nize  the  resetting  of  the  sweep.104  Since  a  simpler 
type  of  relaxation  oscillator  seemed  advisable,  other 
types  were  investigated.  The  one  finally  installed  on 
shipboard  consisted  of  a  VR75  tube,  a  2-/A  capacitor, 
and  a  resistor  selected  to  give  the  desired  maximum 
range.  To  insure  accurate  resetting  of  the  sweep  and 
timing  of  the  ping,  a  counter  was  incorporated  into 
the  timing  circuit  instead  of  the  range-marking  pulse 
being  utilized  for  such  synchronization. 

The  sawtooth  sweep  generator  and  range-marking 
chassis,  which  was  installed  upon  the  Aide  de  Camp 
September  9,  1943,  is  shown  in  Figure  156.  A  func¬ 
tional  diagram  is  shown  in  Figure  157.  The  relaxa¬ 
tion  oscillator  and  each  of  the  other  components  were 
followed  by  an  isolation  amplifier.  The  square  pulse 
for  brightening  was  generated  by  the  multivibrator, 
and  was  used  to  actuate  the  counter.  After  the  count¬ 
er  had  counted  3,  a  pulse  was  sent  into  the  sawtooth 
circuit  to  discharge  the  sweep  capacitor  and  restart 
the  sweep.  The  blanking  pulse  multivibrator  was 
shock-excited  by  this  transient  and  produced  the 
blanking  pulse. 


Figure  15f>.  Circuit  diagram  of  sweep  generator  and  range  marker  (chassis  D)  Aide  di:  Came  ER/C.R  scanning  sonar. 
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Figure  157.  Block  diagram  of  sweep  generator  and  range 
marker,  Aide  de  Cami>  ER/CR  scanning  sonar. 

The  isolation  amplifiers  were  conventional  resist¬ 
ance-coupled  triodes,  operated  as  clippers  to  pass 
only  negative  input  pulses.  The  multivibrators  were 
standard  units.  The  counter  was  a  device  in  which  a 
capacitor  was  charged  stepwise,  one  step  by  each 
brightening  pulse.  After  a  sufficient  number  of  pulses, 
the  capacitor  was  charged  to  such  a  potential  that  the 
146SN7  (V106)  triode  conducted.  The  grid  of  this 
triode  was  connected  to  the  capacitor  through  the 
secondary  of  a  transformer,  and  its  cathode  was  biased 
at  105  volts  positive  by  means  of  the  VR  tube  bleeder. 
The  plate  of  the  triode  was  connected  to  a  more  posi¬ 
tive  potential  through  the  primary  of  the  transform¬ 
er.  The  windings  were  so  phased  that  as  the  plate 
current  started  to  flow,  the  grid  was  driven  further 
positive,  increasing  the  plate  current  and  thus  set¬ 
ting  up  a  violent  oscillation  one-half  cycle  long  which 
discharged  the  counting  capacitor  and  allowed, the 
cycle  to  restart.  This  discharge  pulse,  being  negative, 


was  passed  through  the  clipper  isolation  amplifier.103 

The  first  6Y6  (V108)  in  the  sawtooth  sweep  circuit 
was  a  reset  tube  and  was  used  to  discharge  the  two 
10-/if  capacitors  connected  to  the  grid  of  the  second 
6Y6  (V109),  on  receipt  of  the  positive  pulse  from  the 
clipping  isolation  amplifier.  By  using  two  10-/xf  capa¬ 
citors  and  a  charging  resistor  with  each,  a  sawtooth 
varying  current  with  a  nearly  constant  rate  of  growth 
was  obtained.  It  will  be  noted  that  the  sawtooth 
sweep  and  the  range  marker  required  two  well-stabil¬ 
ized  power  supplies,  as  well  as  eight  tubes.  The  saw¬ 
tooth  voltage  was  used  with  the  spiral-sweep  generat¬ 
ing  synchro  to  produce  the  spiral  sweep  on  the 
cathode-ray  tube.  The  blanking  pulse  was  used  to 
short  the  output  of  the  receiver  as  in  the  auditorium 
system. 

The  pinging  relays  and  controls  were  changed  be¬ 
tween  installation  on  the  Aide  de  Camp  and  the 
installation  of  the  counting-marking  chassis.  The 
original  ping-length  control  shown  in  Figure  158  con¬ 
sisted  of  a  time-delay  multivibrator,  a  ping-length 
multivibrator,  and  an  electronic  switch.  The  elec¬ 
tronic  switch  consisted  of  a  pair  of  diodes  with  trans¬ 
former-coupled  input  and  transformer-coupled  out¬ 
put  so  that  the  bias  could  be  changed  to  make  them 
conducting  or  nonconducting,  and  hence  pass  or  not 
pass  the  signal  from  the  oscillator  to  the  driver.  The 
time-delay  multivibrator  was  a  standard  unit  oper¬ 
ated  by  the  short  differentiated  positive  pulse  from 
the  sweep  circuit  upon  its  first  grid.  When  it  returned 
to  its  normal  state,  the  positive  pulse  on  its  first  plate 
tripped  the  second  multivibrator,  thus  opening  the 
electronic  switch.  After  the  .05-/T  capacitor  in  the 
circuit  of  the  second  grid  of  the  ping-length  multivi- 


Switch 


Figure  158.  Circuit  diagram  o£  original  ping  length  con-  Figure  159.  Circuit  diagram  of  final  ping  control,  Aide 

trol,  Aide  de  Camp  ER/CR  scanning  sonar.  de  Camp  ER/CR  scanning  sonar. 
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brator  had  discharged  sufficiently,  the  circuit  re¬ 
turned  to  its  normal  condition  and  the  switch  was 
closed. 

The  final  ping-control  circuit  for  this  system  is 
shown  in  Figure  159.  The  sweep  discharge  pulse  was 
differentiated,  and  then  amplified.  The  amplified 
pulse  tripped  a  type  of  multivibrator  whose  output 
was  a  square  positive  pulse  which  was  fed  to  two 
grid-controlled  rectifiers.  The  current  through  the 
full-wave  rectifier  actuated  the  transmitter  relay. 

Range  determination  by  means  of  the  chemical 
range  recorder  was  tried  at  about  this  time.  The  sig¬ 
nal  in  the  scanning  channel  was  gated  by  a  tube 
which  was  made  conducting  for  a  few  degrees  at  a 
preset  bearing,  allowing  the  echo  signal  pulse  to  pass 
through  to  the  chemical  recorder.  This  was  not  very 
successful,  partly  because  the  information  from  the 
given  bearing  was  presented  to  the  chemical  recorder 
only  during  the  time  that  the  scanning  beam  of  sen¬ 
sitivity  was  pointed  along  that  particular  bearing. 
Later,  the  incorporation  of  the  listening  channel  al¬ 
lowed  direct  and  much  better  application  of  the 
chemical  range  recorder.100 

Although  complicated,  the  counter  sawtooth 
sweep  circuit  operated  satisfactorily.  After  about 
three  months  of  operation,  it  was  decided  to  increase 
the  count  from  three  to  four;  however,  its  operation 
was  never  cpiite  so  good  as  with  the  original  adjust¬ 
ment.107  Though  similar  range-marking  systems  have 
been  used  successfully  elsewhere, 10S  some  doubt  as  to 
the  ability  of  this  circuit  to  perform  properly  had 
been  expressed  earlier.  These  doubts  led  to  the  devel¬ 
opment  of  the  dynamic  monitor.™"  An  extended  dis¬ 
cussion  of  linear  sweeps  will  be  found  in  the  sec¬ 
tion  on  ER  system  sweeps.110' 111 

As  in  the  auditorium  demonstration  system  a  I)G 
was  introduced  into  the  spiral-sweep  circuit  between 
the  spiral-sweep  generator  and  the  three-phase  de¬ 
flection  coil  to  obtain  a  true-bearing  plot.  I  bis  re¬ 
duced  the  spiral  from  a  full  6  inches  to  4  inches,  but  it 
was  still  usable  for  the  experimental  work. 

5.8.6  Sweep  and  Timing  Circuits  for 
QH  Scanning  Sonar,  Model  1,  Serial  1 

In  the  Model  1  system  the  spiral  sweep  was  generat¬ 
ed  by  a  synchro  used  as  a  three-phase  generator,  at¬ 
tached  to  the  commutator  shaft;  and  was  applied  to 
the  PPI  tube  by  means  of  the  stator  of  a  synchro 
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I'k.i’ri.  100.  Circuit  diagram  of  sweep  and  timing,  QH 

scanning  sonar.  Model  1,  Serial  1. 

around  the  neck  of  the  tube.  The  sawtooth  excita¬ 
tion  for  the  rotating  field  winding  of  the  sweep  gen¬ 
erator  synchro  was  generated  and  controlled  by  a 
separate  all-electronic  sweep  circuit.  This  circuit  also 
generated  the  pulse  which  made  the  range-mark 
circles,  the  blanking  pulse,  and  the  keying  pulse.  The 
maximum  ranges  were  1,  2,  and  4  kiloyards.  The 
range  marks  were  spaced  at  fractions  of  I/,,  2/4,  3/j, 
and  4/  of  the  maximum  range.  The  range-marking 
pulses  were  applied  to  the  scanning  receiver  to  pro¬ 
duce  the  range  circles. 

The  timing  circuits  were  essentially  the  same  as 
those  used  on  the  Aide  de  Camp  in  the  ER/CR  sys¬ 
tem,  namely:  the  relaxation  oscillator,  the  three  clip¬ 
ping  isolation  amplifiers,  the  range-marking  length 
circuit,  the  counting  circuit,  and  the  sawtooth  sweep 
circuit  (sec  Figure  157).  The  blanking  pulse  genera¬ 
tor  and  keying  pulse  generator,  with  the  ping-length 
control  circuit,  were  changed  and  are  shown  in  Fig¬ 
ure  160.  The  blanking  pulse  generator  was  a  multi¬ 
vibrator  of  the  type  described  in  the  previous  section. 
The  output  of  the  third  clipping  isolation  amplifier 
(sec  Figure  157)  was  differentiated,  and  the  resultant 
pulse  tripped  the  multivibrator.  Its  square  wave  out¬ 
put  was  applied  to  the  cathodes  of  the  PPI  tubes 
through  a  diode  y26 Hfi,  which  prevented  any  bright¬ 
ening  during  the  blanking  time.  In  addition,  the 
blanking  pulse  was  differentiated  and  applied  to  the 
transmittcr-power-supply  chassis  to  key  the  transmit¬ 
ter.  A  description  of  the  operation  of  the  transmitter 
keying  circuits  is  given  in  Section  5.7  on  transmitters 
in  this  chapter.  There  was  no  muting  of  the  audio 
channel  in  the  Serial  1  system. 

The  range  determination  was  still  largely  a  prob- 
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Figure  161.  Block  diagram  of  timing  circuits, 

QH  scanning  sonar,  Model  1,  Serial  2. 

lem  of  estimation,  but  this  was  made  easier  by  in¬ 
corporation  of  range-marking  circles  between  which 
the  operator  could  readily  interpolate  with  a  prob¬ 
able  error  of  about  50  yards.  With  this  system,  an  at¬ 
tempt  was  again  made  to  utilize  a  chemical  recorder 
during  laboratory  testing  of  the  circuits.112  The  re¬ 
corder  was  connected  to  the  listening  commutator 
channel,  with  keying  controlled  by  an  interlocking 
arrangement.  The  return  of  the  sweep  keyed  a  thyra- 
tron  which  operated  the  recorder  clutch,  and  the 
recorder  stylus  then  keyed  the  transmitter  in  normal 
fashion  as  it  passed  over  the  keying  contacts  at  zero 
range  on  the  recorder. 


5-8-7  Sweep  and  Timing  Circuits  for 
QH  Scanning  Sonar,  Model  1,  Serial  2 

The  timing  circuits  for  Serial  2  were  again  all-elec¬ 
tronic,  furnishing  range-marking  pulses  to  the  PPI. 
The  principal  change  was  the  substitution  of  a  6SL7 
lead-lag  relaxation  oscillator  for  the  VR  tube  relaxa¬ 
tion  oscillator  and  the  number  of  circuit  components 
was  reduced  by  a  partial  redesign.  However,  the  cir¬ 
cuit  was  still  somewhat  complicated  and  required 
many  compensation  resistors  which  had  to  be 
switched  when  the  range  was  changed. 

A  block  diagram  of  the  timing  circuits  is  shown  in 
Figure  161  and  a  circuit  diagram  in  Figure  162.  The 
range  marks  were  applied  in  the  same  manner  as  in 
the  QH  Model  1,  Serial  1  system.  The  sawtooth  cur¬ 
rent  sweep  was  fed  into  the  field  of  a  synchro  genera¬ 
tor  as  in  Serial  1.  The  balance  of  the  spiral  sweep  was 
the  same.  The  keying  and  blanking  pulses  were  also 
applied  in  the  same  manner  as  in  Serial  1. 

The  relaxation  oscillator  was  a  twin  triode  (V101A 
and  V101B)  connected  as  a  cathode-coupled  multivi¬ 
brator.  Its  square  pulse  output  was  doubly  differen¬ 
tiated  in  the  pulse-shaping  circuit.  A  variable  resistor 
controlled  the  first  time  constant  in  the  differentia¬ 
tion  and  hence  determined  the  length  of  the  range 


Figure  162.  Circuit  diagram  of  timing  circuits,  QH  scanning  sonar.  Model  1,  Serial  2. 
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mark.  The  clipping  isolation  amplifiers  were  substan¬ 
tially  the  same  as  those  used  in  Model  1,  Serial  1  sys¬ 
tem.  A  diode,  VI02B,  was  used  as  a  switch  to  prevent 
differentiation  of  the  brightening  pulse  from  produc¬ 
ing  a  darkened  zone  following  the  range  mark.  The 
positive  pulse  output  of  VI02A  was  differentiated 
by  a  simple  RC  network  and  applied  through  the 
next  clipping  isolation  amplifier,  V103A,  to  the 
counting  circuit.  The  counting  circuit  was  similar 
to  that  described  in  the  Aide  de  Camp  ER/CR  sonar 
sweep  and  timing  circuit. 

The  negative  step  created  by  the  discharging  of 
the  counting  capacitor  was  passed  through  a  clipping 
isolation  amplifier  V105A,  similar  to  the  preceding 
clipping  isolation  amplifiers,  and  the  resultant  posi¬ 
tive  pulse  was  applied  to  the  grid  of  the  reset  tube. 
This  reset  tube  discharged  the  sweep  capacitor  and 
hence  reinitiated  the  sweep. 

The  sawtooth  sweep  started  with  substantially  zero 
current  flowing  through  the  6Y6  sweep  generator 
tube;  this  occurred  when  the  grid  was  biased  to  about 
—  75  volts.  The  current  increased  as  the  grid  became 
more  positive  because  of  the  charging  of  the  sweep 
capacitor  through  the  sweep  resistors. 

The  pulse  formed  on  the  cathode  of  the  counting 
circuit  discharge  tube  passed  through  the  clipping 
isolation  amplifier,  VI06B,  and  appeared  as  a  posi¬ 
tive  pulse  upon  the  grid  of  the  cathode  follower, 
V105B,  whose  cathode  was  connected  to  the  cathode 
of  the  PPI  tube.  Thus,  the  PPf  was  blanked  for  the 
duration  of  this  pulse.  A  simple  RC  network  differ¬ 
entiated  this  pulse  and  applied  it  to  the  grid  of  an¬ 
other  cathode  follower,  VIOfiA,  which  delivered  the 
differentiated  pulse  at  low  impedance  to  the  keying 
chassis. 

5.8.8  Timing  and  Sweep  Circuits  for 
QH  Model  2  Scanning  Sonar 

The  timing  circuits  in  the  QH  Model  2  scanning 
sonar  differed  considerably  from  those  used  in  Model 
1,  and  are  shown  in  Figure  163.  The  basic  design113 
was  laid  down  by  March  1911  and  the  assembled  cir¬ 
cuits  were  used  for  a  short  time  in  the  laboratory 
with  OTE-5  before  installation  on  IJS.S  Cviiiira.70 
The  fundamental  timing  clement  in  Model  2  was  a 
mechanical  timer  which  was  driven  by  a  synchronous 
motor  and  had  two  pairs  of  contacts,  one  of  which 
closed  at  time  intervals  corresponding  to  1,500  yards 
and  the  other  at  intervals  corresponding  to  3,750 


yards;  interconnection  gave  a  time  interval  corres¬ 
ponding  to  7,500  yards.  This  timer  replaced  the  re¬ 
laxation  oscillator,  pulsing  circuits,  isolation  circuits, 
and  counter  of  Model  1. 

The  spiral-sweep  circuit  was  substantially  un¬ 
changed.  A  GE  5  CT  synchro  was  directly  coupled  to 
the  scanning  commutator  to  serve  as  a  three-phase 
spiral-sweep  generator,  its  field  being  furnished  by  a 
sawtooth  excitation  current.  The  constants  of  the 
sweep  circuit  were  adjusted  so  that  the  spiral  expand¬ 
ed  to  the  full  radius  of  the  tube  on  each  sweep,  for 
ping  rates  of  1 ,500,  3,750,  and  7,500  yards  respectively. 

The  mechanical  timer  shorted  a  4.0-/.if  capacitor 
across  which  the  sawtooth  sweep  voltage  appeared, 
thus  restarting  the  sweep.  The  synchronous  motor 
which  drove  the  cams  on  the  timer  unit  was  originally 
a  1 15-volt  60-cyclc  motor.114  It  was  expected  that  diffi¬ 
culty  would  be  encountered  because  of  the  small  size 
of  the  wire  and  the  motor  was  therefore  rewound  for 
6.3  volts  60  cycles,  gaining  the  added  advantage  of 
retaining  synchronism  over  a  much  wider  voltage 
range. 

Previously,  an  attempt  had  been  made  in  the 
HUSL  shops  to  build  a  mechanical  timer11"  consist¬ 
ing  of  a  motor-driven  lucite  cam  with  brass  inserts, 
and  using  brushes  to  contact  the  inserts  and  thus  dis¬ 
charge  the  sweep  capacitor.  Brass  particles  carried 
by  the  brushes  onto  the  lucite  made  continuous  con¬ 
tact  so  that  the  capacitor  was  continuously  dis¬ 
charged.  Thereafter,  the  Sangamo  Electric  Company 
automatic  keying  unit  [AKU]  was  adopted.  It  had 
two  arms,  which  were  operated  by  cams  in  rapid  suc¬ 
cession,  so  that  contact  was  made  for  only  1  msec. 
Burning  of  the  contacts  was  prevented  by  discharging 
the  4-/M  (G501)  sweep  capacitor  through  a  330-ohm 
resistor.  (See  Figure  163.) 

The  negative  side  of  the  sweep  capacitor  was  con¬ 
nected  to  a  voltage  divider  which  controlled  the  start¬ 
ing  point  of  the  sawtooth  sweep.  The  sweep  capaci¬ 
tor  was  charged  through  one  of  three  resistors  de¬ 
termined  by  the  setting  of  the  range  switch  upon  the 
console.  These  resistors  were  of  such  value  that  the 
voltage  across  the  sweep  capacitor  at  the  end  of  the 
sweep  period  was  the  same  for  each  maximum  range, 
the  rate  at  which  the  sweep  capacitor  charged,  and 
hence  the  range  scale,  being  determined  by  the  po¬ 
tential  of  the  charging  source.  This  potential  was 
controlled  by  the  setting  of  the  range  limit  potentio¬ 
meter  connected  between  the  positive  supply  and 
ground. 
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Ficure  163.  Circuit  diagram  of  timing  circuits  and  power  supply,  QH  scanning  sonar.  Model  2 
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The  variable  resistance  tubes  were  a  pair  of  GV6’s 
(V501)  whose  grids  were  connected  to  the  positive 
end  of  the  sweep  capacitor.  As  these  grids  became 
more  positive,  the  current  through  the  6V6’s  in¬ 
creased  linearly  with  time.  This  current  passed 
through  the  rotor  of  the  spiral-sweep  generator  at¬ 
tached  to  the  scanning  commutator  shaft. 

At  the  instant  that  the  sweep  capacitor  was  shorted 
to  restart  the  sweep,  the  negative  pulse  appearing  at 
the  grid  of  6V6’s  was  differentiated,  and  amplified  in 
a  6SN7  (V502)  so  as  to  give  a  positive  pulse  for  blank¬ 
ing  the  PPI  tubes  during  the  sweep  return  interval. 
The  same  pulse  was  differentiated  in  the  transmitter- 
keying  unit  and  power  supply  chassis  B  and  then 
used  for  keying  the  transmitter  (see  Figure  164).  The 
operation  of  this  circuit  is  described  in  Section  5.7.5, 
“Transmitters  for  QH  Scanning  Sonar,  Model  2." 

The  keying  was  done  normally  by  the  mechanical 
contactor.  When  the  chemical  range  recorder  was  in 
use,  the  keying  impulse  was  received  from  the  re¬ 
corder  instead  of  from  the  timing  switch  by  operating 
a  switch  on  the  console  to  recorder  keying.  The  ef¬ 


fect  of  moving  the  flyback  control  of  the  recorder  to 
shorten  the  range  was  to  produce  a  flyback  of  the  PPI 
spot  before  the  edge  of  the  tube  was  reached.  Under 
these  circumstances,  the  range  scale  was  still  pre¬ 
served  but  a  portion  of  the  tube  face  was  unused.  The 
operation  of  the  range  recorder  was  normal  in  every 
respect.  The  recorder  had  to  be  in  operation  before 
the  switch  on  the  console  was  thrown;  otherwise,  the 
lack  of  keying  impulses  would  have  allowed  the 
charging  current  through  the  6V6’s  in  the  sawtooth 
sweep  circuit  to  rise  to  destructive  values.  For  the 
same  reason,  the  range  switch  had  to  be  set  for  a 
range  equal  to,  or  greater  than,  that  at  which  the  re¬ 
corder  was  keying. 

Range110  could  be  estimated  by  means  of  a  scale 
engraved  upon  the  PPI  mechanical  cursor,  but  its 
determination  was  none  too  accurate  because  of  the 
difficulties  of  interpolation  and  of  making  a  PPI  dis¬ 
play  maintain  a  given  scale. 

The  QFI  scanning  sonar,  Model  2,  was  so  con¬ 
structed  that  it  could  be  used  with  the  standard  attack 
plotter.  This  presented  a  geographic  plot  of  own  ship 
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and  all  targets.  Timing  and  sweep  considerations  for 
this  application  are  given  earlier  in  the  present 
chapter. 

5.8.9  Sweep  and  Timing  Circuits  of  the 
Model  XQHA  Scanning  Sonar 

The  sweep  and  timing  circuits  of  the  XQHA  scan¬ 
ning  sonar1  were  similar  to  those  of  QH  Model  2. 
The  significant  features  and  actions  of  these  circuits 
are: 

1.  Determination  of  range  was  made  from  visual 
estimate  of  the  PPI  screen,  after  consideration  of 
range-marking  circles  and  variable-length  electronic 
cursor.117’ 118 

2.  The  time  interval  between  pings  was  deter¬ 
mined  by  an  AKU  timer  described  in  the  preceding 


section.  The  transmitted  pulse  length,  blanking 
pulses,  and  electronic  cursor  action  were  obtained  by 
means  of  trigger  circuits  initiated  by  the  AKU  timer, 
resulting  in  operation  of  suitable  relays. 

3.  An  electronic  cursor  was  used  for  measurement 
of  bearing  on  the  cathode-ray  tube  face,  applied  at 
the  beginning  of  each  ping  or  by  hand  keying. 

4.  Automatic  or  hand  keying  of  the  system  was 
provided  to  allow  for  communication;  connection 
was  also  provided  for  recorder  keying. 

5.  The  spiral-sweep  generating  circuit  was  similar 
to  that  used  in  QH  Model  2,  with  minor  modifica¬ 
tions. 

6.  Means  were  provided  for  calibrating  the  length 
of  the  transmitted  pulse.  A  circuit  diagram  of  the 
sweep  and  timing  circuits  is  shown  in  Figure  82,  and 
a  block  diagram  in  Figure  165. 
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s9  APPRAISAL  OF  CR  SCANNING  SONAR 
591  Appraisal  of  XQHA  Scanning  Sonar 

Based  on  the  experience  which  HUSL  has  had  with 
the  Model  XQHA  scanning  sonar  and  with  the  other 
experimental  models  leading  to  it,  the  following  pre¬ 
liminary  appraisal  is  presented  as  a  list  of  its  strong 
and  weak  points. 

Strong  Points 

1.  Continual  alertness  in  all  directions,  one  of  the 
original  aims,  has  been  achieved,  except  (in  common 
with  all  echo-ranging  systems)  for  the  bearings  di¬ 
rectly  aft,  where  own-ship’s  screw  noise  considerably 
reduces  the  effectiveness  of  both  listening  and  echo 
ranging. 

2.  Ease  of  operation  in  comparison  to  that  of  the 
searchlight-type  sonar  has  been  improved  by  reduc¬ 
ing  the  number  of  controls  and  by  giving  the  operator 
a  more  comprehensive  picture  of  what  he  is  doing. 
While  receiving,  through  the  listening  channel,  all 
information  normally  available  by  a  scarchliglu-typc 
sonar,  the  PPI  display  gives  additional  information 
without  additional  effort  for  the  operator.  'I  hrough 
coordination  of  aural  and  visual  impressions,  tar¬ 
gets  may  he  more  quickly  identified,  contact  may  be 
maintained  or  regained  more  surely  when  lost,  and  a 
more  consistent  and  rapid  flow  of  sonar  information 
delivered.  Range-recorder  operation  is  facilitated, 
and  a  maximum  accuracy  in  determining  firing  time 
is  assured.  Moreover,  it  is  possible  that  less  training 
will  be  needed  for  adequate  operation. 

3.  Potential  reliability  has  been  increased  by  hav¬ 
ing  essentially  two  systems,  either  of  which  may  be 
used  alone.  Although  such  units  as  the  transducer, 
junction  box,  and  transmitter  arc  common  to  both 
systems,  it  is  possible  for  the  listening  commutator, 
listening  receiver,  speaker,  or  recorder  to  fail  and  still 
allow  satisfactory  detection  with  the  scanning  chan¬ 
nel  and  the  PPI.  On  the  other  hand,  failure  in  the 
scanning  commutator,  receiver,  or  indicator  still  al¬ 
lows  operation  of  the  listening  channel  in  accordance 
with  usual  searchlight  sonar  techniques. 

4.  The  adaptability  of  the  system  to  the  future  in¬ 
corporation  of  improved  equipment  is  good.  The  fact 
that  the  listening  channel  beyond  the  commutator  is 
essentially  a  search  light -type  sonar  allows  incorpora¬ 
tion  of  all  electronic  modifications  developed  for  such 
echo-ranging  systems  for  improving  the  recognition 
of  echoes,  such  as  doppler  sensitization  or  automatic 


target  training.  Interchangeable  design  of  XQHA 
scanning  and  listening  commutators  and  receiver 
components  simplifies  the  repair  problem. 

5.  The  scanning  sonar  transducer  in  the  azimuth 
system  can  be  fixed  with  respect  to  the  ship,  and 
therefore  requires  no  training  shaft.  This  is  a  distinct 
advantage  over  the  QC  gear,  both  in  installation  and 
maintenance. 

Weak  Points 

1.  Figure  of  merit  for  the  scanning  channel  is  less 
than  that  for  the  listening  channel,  causing  a  slight 
reduction  in  theoretical  maximum  detection  range. 
Whether  or  not  this  reduction  is  apparent  under  op¬ 
erating  conditions,  and  whether  or  not  it  is  ofTsct  in 
practice  by  continual  alertness  on  all  bearings,  must 
be  determined  by  operating  trials. 

2.  Multielement  transducers  and  commutators  are 
expensive  and  difficult  to  build,  test,  and  install,  and 
arc  presumably  more  liable  to  breakdown  than  the 
simpler  transducers  used  in  searchlight-type  sonars. 
Provision  for  transducer  replacement  from  within 
the  ships  would  therefore  be  desirable. 

3.  With  present  design,  no  provisions  have  been 
incorporated  as  part  of  the  XQHA  sonar  to  permit 
monitoring  while  in  service. 

5.9.2  Operational  Evaluation 

Comprehensive  measurements  have  already  been 
made  (as  described  earlier  in  this  chapter)  to  deter¬ 
mine  the  performance  of  the  Model  XQHA  scanning- 
sonar  in  terms  of  its  physical  characteristics,  such  as 
power,  sensitivity,  noise  level,  beam  patterns,  inher¬ 
ent  bearing  accuracy,  and  figure  of  merit.  These  meas¬ 
urements  indicate  that  the  operating  capabilities  of 
the  system  should  be  at  least  equal  to  those  of  any 
searchlight-type  sonar.  However,  since  they  permit 
only  an  inference  as  to  operating  capabilities,  they 
should  be  considered  merely  as  the  first  step  in  the 
evaluation  program,  signifying  mainly  that  the  sys¬ 
tem  is  a  fit  candidate  for  further  investigation.  A  com¬ 
prehensive  program  of  evaluation  under  operating 
conditions  is  necessary  to  obtain  a  clear  picture  of  the 
tactical  value  of  this  new  type  of  sonar. 

In  laying  out  the  test  program,  the  strong  and  weak 
points  of  the  system  indicated  above  might  well  be 
considered  subject  to  proof.  Ease  of  operation  will  be 
extremely  important,  and  tests  with  operators  having 
different  amounts  of  training  should  be  made.  The 
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consistency  and  rapidity  of  the  flow  of  information 
under  various  conditions  of  roll  and  pitch  should  be 
investigated  to  determine  the  limitations  of  narrow 
vertical  beam  pattern  in  XQHA  sonar.  Both  elec¬ 
tronic  and  mechanical  PPI  cursors  should  be  tested 
in  order  to  obtain  operating  criteria  to  guide  future 
design  specifications.  The  effect  on  operating  effi¬ 
ciency  of  interference  from  other  sonar  equipment, 
particularly  that  of  the  same  type,  should  be  given 
attention. 

Accuracy  of  bearing  information  is  of  extreme  im¬ 
portance.  It  is  well  known,  as  a  result  of  tests  with  the 
bearing  deviation  indicator,  that  the  inherent  accu¬ 
racy  of  a  system,  determined  under  ideal  conditions, 
is  never  realized  in  actual  operation  with  a  moving 
submarine  target.  The  effective  accuracy  under  such 
practical  conditions  must  be  found,  both  for  com¬ 
parison  with  that  obtained  with  standard  searchlight- 
type  sonars  and  also  for  use  in  the  design  of  future 
fire-control  equipment.  Another  question  for  future 
sonar  design  is  whether  or  not  BDI  equipment,  either 
of  the  normal  types  or  of  the  proportional  sector  scan 
indicator  [SSI]  type,  will  give  any  appreciable  im¬ 
provement  in  accuracy  under  operating  conditions. 

5.9.3  Proposals  for  Future  Development 

Various  modifications  and  improvements  on  the 
present  CR  scanning  sonar  systems  should  be  carried 


out,  as  well  as  other  more  general  problems.  Prob¬ 
lems  of  interest  are: 

1.  The  bearing  deviation  indicator,  both  of  the 
normal  type  and  the  proportional  SSI  type,  appears 
to  be  applicable  to  the  listening  channel,  and  this 
application  should  be  investigated.  Studies  of  BDI 
accuracy  in  this  arrangement  had  been  started  in  the 
spring  of  1945. 

2.  Short  pulse  and  multiple-spaced  pulse  transmis¬ 
sions  seem  to  be  applicable,  and  investigations  of 
their  usefulness  in  enhancing  the  detectability  of 
small  targets  had  already  been  started  in  the  spring 
of  1945. 

3.  Maintenance  of  close  contact  [MCC]  provision 
through  control  of  the  transducer  pattern  has  been 
proposed  and  some  work  carried  out  on  this  prob¬ 
lem  in  the  summer  of  1945  by  USNUSL,  New  Lon¬ 
don. 

4.  Geographical  plan  position  indicator  display 
has  been  applied  at  HUSL  to  the  attack  teacher. 
Further  work  should  be  carried  out  on  this  problem 
to  obtain  better  accuracy. 

5.  Monitoring  arrangements  have  been  of  great 
value  during  the  experimental  work,  and  should  be 
further  developed  for  inclusion  in  service  installa¬ 
tions. 

6.  More  general  problems  involving  studies  of  CR 
scanning  sonar  for  future  work  are  discussed  in 
Chapter  10. 
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61  GENERAL  DESCRIPTION, 

ARRANGEMENT  OF  INTEGRATED  TYPE  B 
EQUIPMENT  AND  OPERATIONS 

1  Introduction 

N  ji  nk  1 911,  the  Harvard  Underwater  Sound  Lab¬ 
oratory  [HUSL]  was  asked  to  consider  the  adap¬ 
tation  of  scanning  sonar  principles  to  depth  determi¬ 
nation,  and  to  propose  a  design  for  a  complete  sonar 
system  that  would  include  azimuth  scanning  for 
search  and  depth  scanning  for  attack,  and  that  would 
give  required  stabilized  information  to  fire-control 
equipment.  A  proposal  for  such  a  system  was  pre¬ 
sented  to  the  Bureau  of  Ships  on  July  M,  1911.  This 
system,  using  a  2-axis  stabilized'  -  depth-scanning 
system  to  obtain  the  fire-control  information,  was 
designated  by  the  Bureau  of  Ships  as  ultimate  Type 
li\  and  a  system  proposed  by  the  Naval  Research 
Laboratory  [NRL]  to  meet  the  same  requirements, 
using  a  3-axis  mechanically  stabilized  searchlight 
sonar  for  obtaining  the  fire-control  information,  was 
designated  by  the  Bureau  of  Ships  as  ultimate  Type 
A.  Both  systems  proposed  the  use  of  the  QH  azimuth- 
scanning  system.  The  Bureau  of  Ships  requested  that 
an  experimental  model  of  the  Type  B  system  be  avail¬ 
able  by  October  I,  1911,  and  a  production  prototype 
by  January  1,  1915. 

The  Harvard  Underwater  Sound  Laboratory  was 
requested  by  the  National  Defense  Research  Com¬ 
mittee  [NDRC]  (Section  6.1)  to  proceed  with  the 
study  of  Type  B,  and  a  program  was  set  up  which 
called  for:  (I)  theoretical  and  experimental  investi¬ 
gations  of  the  possibility  of  depth  scanning  itself;  and 
(2)  future  detailed  design  and  development  of  the 
complete  system.  While  earlier  discussions  and  re¬ 
ports  referred  to  this  system  as  ultimate  Type  B  scan¬ 
ning  sonar  it  was  later  designated  by  HUSL  as  inte¬ 
grated  Type  B  sonar ,  and  is  so  designated  in  this 
report. 

An  extensive  program  of  experimental  testing  was 
carried  out  on  depth-scanning  sonar,  following  the 
designing,  development,  and  construction  of  suitable 
equipment.  Installation  of  the  equipment  for  these 
tests  was  made  on  the  USS  Cythf.ra.  Concurrently 


with  certain  portions  of  this  work,  an  overall  design 
was  formulated  for  the  integrated  Type  B  sonar. 
Complete  and  detailed  designs  were  made  for  the 
consoles,  and  development  work  was  carried  forward 
on  other  parts  of  the  equipment  in  the  light  of  ex¬ 
perience  gained  in  the  USS  Cythf.ra  tests  and  by 
tests  on  QH  Model  2  horizontal-scanning  system  and 
on  the  Sangamo  XQIIA  system  (see  Chapter  5).  Con¬ 
struction  and  preliminary  testing  were  carried  out  on 
an  HP-8D  transducer  for  the  depth-scanning  portion 
of  the  integrated  Type  B  sonar.  Interconnections 
between  the  various  portions  of  the  sonar  equipment 
and  between  the  sonar  equipment  and  the  attack 
director  were  worked  out  in  detail  with  particular 
reference  Lo  ship  installation.  Design  and  develop¬ 
ment  continued  at  HUSL  until  April  19-15,  when 
the  HUSL  sonar  program  was  transferred  to  NRL  at 
New  London.  In  the  spring  of  1915,  however,  when  it 
became  apparent  that  the  remaining  development 
and  construction  could  not  be  completed  prior  to 
July,  construction  work  on  the  integrated  Type  B 
prototype  was  transferred  to  the  shops  at  U.  S.  Navy 
Underwater  Sound  Laboratory  [USNUSL]. 

This  chapter  describes  in  detail  the  HUSL  investi¬ 
gation  of  depth  scanning,  including  the  design  and 
construction  of  the  depth-scanning  transducer  HP- 
81).  It  also  describes  the  proposed  design  for  the  in¬ 
tegrated  Type  B  sonar,  and  the  projected  installation 
and  operation  of  this  device  on  a  suitable  ship  such  as 
the  USS  Babbitt. 

Integrated  Type  B  sonar  was  designed  to  give  in¬ 
formation  about  the  location  of  a  subsurface  target  in 
terms  ol  bearing,  range,  and  angle  of  depression.  The 
principal  requirements  are:  (1)  maintenance  of  a 
continuous  search  through  360  degrees  in  the  hori¬ 
zontal  plane;  and  (2)  presentation  of  accurate  data 
on  range,  depth,  and  bearing  for  a  given  target  after 
it  is  discovered.3  4 

612  Functional  Requirements 

The  first  basic  requirement  of  integrated  sonar  is 
the  maintenance  of  underwater  search  through  360 
degrees  of  azimuth  to  the  maximum  range  possible. 
This  can  be  obtained  by  methods  employed  in  the 
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Figure  1.  Ship  arrangement  of  components  for  integrated  Type  B  sonar. 


conventional  QH  horizontal-scanning  system.  Here 
a  cylindrical  transducer  mounted  beneath  the  hull 
of  a  ship  provides  a  relatively  narrow  vertical  beam 
while  scanning  or  listening  in  the  horizontal  plane. 
Deep  targets  in  the  immediate  vicinity  of  the  ship, 
therefore,  cannot  be  detected  or  followed. 

The  depth-scanning  portion  of  integrated  sonar, 
which  normally  would  be  used  for  targets  at  ranges 
less  than  1,000  yards,  is  required  to  provide  informa¬ 
tion  on  azimuth,  slant  range,  and  depth  angle.  In  this 
system  a  cylindrical  transducer  mounted  beneath  the 
hull  of  the  ship,  with  its  axis  parallel  to  the  deck 
plane,  provides  a  relatively  narrow  horizontal  beam 
while  scanning  or  listening  in  the  vertical  plane.  This 
system,  therefore,  cannot  scan  the  horizon  for  targets 
but  can  follow  deep  targets  in  the  immediate  vicinity 
of  the  ship. 


The  desired  requirements'  are  as  follows:  (1)  range 
accuracy  ±  5  yards  for  ranges  under  1,000  yards;  (2) 
bearing  accuracy  ±  14  degree;  and  (3)  depth-angle 
accuracy  ±  y2  degree,  for  depth  between  50  and  800 
feet  at  500-yard  range.  It  was  expected,  however,  that 
the  range  accuracy  would  approximate  ±10  yards  for 
ranges  under  1,000  yards,  and  that  the  bearing  accu¬ 
racy  would  approximate  ±  ]/2  degree.  Original  speci¬ 
fications  called  for  a  frequency  of  50  kc  or  less.  To 
give  the  desired  bearing  accuracy,  it  was  thought  de¬ 
sirable  to  use  the  bearing  deviation  indicator  [BDI] 
for  the  azimuth  direction  of  the  signal. 

In  order  to  maintain  contact  with  a  target,  and  to 
obtain  the  desired  accuracy  in  determination  of  its 
depth  angle  and  bearing,  it  is  necessary  to  incorporate 
stabilization  in  the  depth  portion  of  this  system.  Two- 
axis  stabilization,  requiring  a  trunnion-tilt  corrector 
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in  addition  to  the  gyroscopic  stable  element,  was  by 
far  the  most  convenient  to  apply  in  this  case.  Output 
of  the  trunnion-tilt  corrector  can  be  used  mechani¬ 
cally  to  correct  in  azimuth  the  training  of  the  trans¬ 
ducer  and  the  depression  angle  of  the  depth-listening 
beam,  and  used  electrically  to  correct  the  elevation 
position  indicator  [EPI]  and  plan  position  indicator 
[PPI]  scanning  displays. 

Obtaining  proper  range  data  requires  the  use  of  a 
chemical  recorder  to  give  time  range.  Temperature 
gradient  correction  applied  to  time  range  and  meas¬ 
ured  depth  angle  (in  the  attack  director)  provides 
slant  or  horizontal  range  and  true  depth  angle  or 
depth. 

The  final  functional  requirement  of  the  system  is 
to  combine  all  the  information  in  an  attack  director 
that  produces  data  for  conning  an  attack  on  the  tar¬ 
get. 

6  LS  Operation  and  Location  of 
Components 

Location  in  a  ship  of  the  various  components  of 
integrated  Type  B  sonar  is  shown  in  Figure  1.  As  in¬ 
dicated  in  the  figure,  there  arc  three  positions  to 
which  intelligence  should  be  carried  from  the  various 


elements  in  the  system.  The  captain’s  indicator, 
which  is  located  on  the  navigation  bridge,  consists  of 
the  indicators  necessary  to  show  the  outputs  of  the 
attack  director.  The  helmsman’s  indicator  is  located 
at  the  helmsman’s  position  and  shows  only  the  course 
to  be  steered  during  attack.  The  depth  console,  azi¬ 
muth  console,  range  recorder,  loudspeaker,  and  con¬ 
trol  panel  should  be  located  in  the  sound  room  (see 
Figure  2). 

Operation  of  the  system  during  attack  should  be 
carried  out  by  three  operators  in  the  sound  room. 
During  search,  the  presence  of  the  azimuth  operator 
alone  is  required.  His  duties  consist  of  watching  the 
azimuth  console,  noting  a  target,  and  notifying  the 
other  two  operators,  one  of  whom  operates  the  depth 
console  and  the  other  the  range  recorder.  The  azi¬ 
muth  operator  trains  the  transducer  to  keep  on  the 
target.  During  attack  the  depth  operator  depresses 
the  depth-listening  beam  for  the  same  purpose.  Dur¬ 
ing  search  only  the  azimuth  console  is  energized.  The 
depth  operator  turns  on  the  depth  console  when  he 
comes  on  duty  and  the  range-recorder  operator  turns 
on  the  range  recorder.  When  the  range  has  closed  to 
approximately  1,000  yards,  the  azimuth  operator 
throws  an  attack-search  switch  so  that  data  for  the 
attack  originates  in  the  depth  system. 

On  making  a  contact,  the  azimuth  operator  sets  the 
bearing  cursor  to  the  echo,  using  the  handwheel  on 
the  azimuth  console.  He  then  tracks  the  target  in 
bearing  either  by  observation  of  the  echo  spot  on  the 
PPI  or  by  the  BDI  screen  next  to  the  PPI.  During  at¬ 
tack  the  azimuth  operator  continues  to  track  the  tar¬ 
get  using  the  BDI.  Either  he  or  a  standby  operator 
watches  the  PPI  for  any  further  targets  so  that  the 
system  remains  alert  in  all  azimuth  directions,  even 
during  attack. 

During  attack,  the  depth  operator,  using  the  hand¬ 
wheel  on  the  depth  console,  tracks  the  target  by  keep¬ 
ing  the  cursor  on  the  EPI  centered  on  the  echo  spot. 
The  range-recorder  operator,  using  a  handwheel, 
keeps  the  cursor  on  the  range  trace  at  all  times.  Gain 
controls  arc  provided  for  the  three  operators;  range 
switches  arc  provided  for  the  azimuth  and  depth  op¬ 
erators.  While  it  is  intended  that  each  operator  con¬ 
centrate  on  adjustment  of  the  controls  on  his  particu¬ 
lar  equipment,  the  three  are  placed  close  together, 
enabling  each  operator  to  obtain  from  the  other’s 
equipment  the  information  pertinent  to  his  own 
needs.  Information  obtained  from  these  three  opera¬ 
tions  is  given  to  the  attack  director,  which  provides 


CONFIDENTIAL 


GENERAL  DESCRIPTION 


225 


AZIMUTH 
SWEEP  8 
KEVINS 


AZIMUTH  TRANSMI 


AZIMUTH  JUNCTION  BOX 


commutator' 


iHan 

POSITION 

INDICATOR 


UNO  RECEIVES 


DEPTH 

NQWNEEL 


i&VATiON 

Position 

INDICATOR 


COMMUTATOR. 

:N1N« 


COMMUTATQ: 
DIFFERENCE  USTENINO-W 


Figure  3.  Block  diagram  of  integrated  Type  B  sonar. 


necessary  data  to  the  conning  officer  and  to  the 
helmsman.  Other  controls,  including  on-off,  hoist- 
lower,  stabilization  switch,  and  computer  on-off  are 
also  in  the  sound  room  on  a  control  panel.  This  panel 
is  removed  from  the  consoles  to  avoid  confusion  dur¬ 
ing  operation.  There  is  a  separate  gain  control  on  the 
loudspeaker  to  control  the  initial  level  of  sound; 
there  is  also  a  band-filter  switch.  The  circuit  design 
should  be  arranged  so  that  adjustment  of  these  other 
controls  is  not  necessary  during  operation. 

All  other  electronic  and  mechanical  elements  of 
the  system  should  be  located  below  decks.  In  general 
the  stable  element  is  positioned  close  to  the  center  of 
roll  of  the  ship.  The  trunnion-tilt  corrector  is  placed 
near  the  stable  element.  Electronic  equipment  is  lo¬ 
cated  in  the  lower  sound  room  to  provide  accessibil¬ 
ity,  and  to  be  near  the  transducers,  which  are  beneath 
the  hull  of  the  ship.  The  attack  director  should  be 


located  in  the  computing  room  with  other  fire-control 
equipment. 

Two  transducers  are  included  in  this  design,  one 
for  azimuth  scanning  and  listening,  and  one  for  depth 
scanning  and  listening.  Both  are  mounted  on  the 
same  training  shaft.  These  transducers  are  mounted 
in  an  enclosing  dome  which  is  streamlined  to  allow 
proper  operation  for  high  ship  speeds  and  is  acoustic¬ 
ally  transparent  to  allow  both  azimuth  and  depth 
scanning. 

A  more  detailed  block  diagram  of  the  integrated 
Type  B  sonar  is  shown  in  Figure  3.  There  are  three 
distinct  sets  of  electronic  gear.  The  first  set  is  used  for 
transmission  and  reception  during  search,  using 
the  azimuth  part  of  the  system.  It  consists  of  the  azi¬ 
muth  transmitter,  junction  box,  transducer,  scanning 
commutator  and  fixed  lag  line,  phase-shifter  for  phase 
correction  of  scan,  brightening  receiver,  and  PPI  (in 


CONFIDENTIAL 


226 


INTEGRATED  TYPE  15  SCANNING  SONAR 


the  azimuth  console).  The  second  set  performs  the 
same  functions  as  the  first  during  attack  for  the  depth- 
scanning  portion  of  the  equipment.  It  consists  of  tiie 
depth  transmitter,  junction  box,  transducer,  commu¬ 
tators,  phase-shifter  for  phase  correction  of  scan, 
brightening  receiver,  and  EPI  (in  depth  console).  The 
third  set  is  used  for  BDI  and  listening.  It  consists  of  a 
simi-and-clifTerence  BDI  receiver,  a  BDI  indicator  (in 
the  azimuth  console),  and  a  loudspeaker.  The  audio 
output  to  the  loudspeaker  should  also  he  available  as 
input  for  the  range  recorder.  Also,  the  third  set  of 
components  is  switchable  so  that  the  input  to  it  is 
obtained  from  either  the  azimuth  or  depth  system. 

The  stabilization  equipment  consists  of  a  stable 
element,  trunnion-tilt  corrector  or  computer,  and  the 
two  phase-correction  synchros  in  the  azimuth  and 
depth  systems.  It  stabilizes  rotation  of  the  transducers 
which  are  mounted  on  a  common  shaft,  rotation  of 
the  commutators  which  form  the  depth-listening 
beam,  and  the  indications  on  the  PPI  and  l-.IM. 

614  Fire  Control 

The  final  design  of  integrated  Type  B  sonar  pro¬ 
vides  for  the  use  of  an  attack  director  to  control  the 
ordnance  used  in  a  submarine  attack  and  to  provide 
information  to  aid  the  conning  officer  in  making  the 
attack. 

6  2  EXPERIMENTAL  WORK  AND  RESULTS 
6  21  Schedule  of  Work 

A  fundamental  problem  was  raised  in  the  design 
of  integrated  Type  B  sonar:  the  general  considera¬ 
tion  of  depth  scanning. 

Depth  scanning  had  not  been  tried  previously,  and 
a  number  of  specific  problems  were  immediately  ap¬ 
parent.  The  surface  of  the  water,  the  bottom  of  the 
ocean,  and  the  hull  of  the  ship  form  three  reflecting 
surfaces  that  complicate  the  vertical  scanning  prob¬ 
lem  by  producing  various  apparent  images  or  echoes 
not  associated  directly  with  the  target.  Refraction  of 
the  sound  ray,  because  of  pressure  and  temperature 
gradients  in  the  water,  produces  improper  values  of 
depression  angle  and  may  limit  range  and  depth  of 
detection  of  a  target.  The  azimuth  portion  of  inte¬ 
grated  Type  B  sonar,  in  order  to  preserve  adeejuate 
signal-to-noise  ratio  for  search,  must  have  a  relatively 
narrow  vertical  beam,  and  is,  therefore,  unable  to 


maintain  accurate  bearing  determination  at  large 
depression  angles.  Consideration  had  to  be  given  the 
use  of  horizontal  BDI  on  the  depth-scanning  system, 
as  well  as  the  usual  listening  and  scanning  beams. 
The  type  of  indication  used  for  the  depth-scanning 
system  had  to  be  distinctive  and  yet  comparable  to 
the  type  used  for  the  azimuth-scanning  system.  In 
order  to  obtain  the  requisite  accuracy  in  depth  angle 
and  range,  stabilization  of  the  sonar  system  was  re¬ 
quired  to  counteract  effect  of  the  ship’s  roll  and  pitch. 
Application  of  stabilization  to  a  full-size  sonar  system 
for  standard  echo-ranging  frequencies  had  not  been 
previously  made,  and  required  investigation.  Ability 
to  maintain  contact  with  the  target  by  using  depth 
scanning  combined  with  horizontal  BDI  in  the  depth¬ 
scanning  system  was  a  point  to  be  determined.  In  ad¬ 
dition,  the  dome  that  houses  the  transducer  had  to  be 
investigated  for  its  effect  on  the  transmitted  and  re¬ 
ceived  sound. 

A  number  of  theories  were  held  concerning  these 
questions  on  the  depth-scanning  principle,  but  there 
was  little  or  no  experimental  evidence  available.  In 
an  effort  to  find  answers  to  these  questions  as  quickly 
as  possible,  the  26-kc  depth-scanning  sonar  [DSS] 
was  developed  and  installed  on  the  US.S  Gythf.ra. 

6.2.2  Development  of  the  26-kc 
Depth-Scanning  Sonar 

The  two  major  problems  to  be  solved  with  the  26- 
kc  depth-scanning  sonar  installed  on  the  USS  Cy- 
ti i era  were  the  development  of  a  suitable  transducer 
and  a  suitable  BDI-Iistening  receiver. 

The  HP- ‘IDS  transducer  was  designed  so  that 
depth  angles  from  0  to  90  degrees  could  be  scanned  at 
all  times,  independent  of  roll  and  pitch  of  the  ship  up 
to  angles  of  .SO  degrees.  It  was  of  the  cylindrical  mag- 
netostt  ictivc  type,  with  the  axis  of  the  cylinder  hori¬ 
zontal.  and  with  18  magnctostrictivc  staves  disposed 
around  270  degrees  of  the  transducer,  from  the  top  of 
the  cylinder  downward  to  the  bottom  and  up  to  the 
horizontal  on  the  rear  side.  It  was  necessary  to  use 
about  120  degrees  of  elements  to  form  the  listening 
and  scanning  beams.  Referring  to  Figure  4,  it  is  seen 
that  in  order  to  form  such  a  beam  30  degrees  behind 
the  vertical  downward,  elements  had  to  be  included 
up  to  the  horizontal  on  the  rear  side  of  the  transducer. 
Figure  5  is  a  photograph  of  the  transducer  HP-3DS 
mounted  in  place.  The  outside  diameter  of  the  trans¬ 
ducer  was  about  21  inches,  and  the  length  of  the  cyl- 
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inder  about  13  inches.  The  diagonal  dimension  across 
the  center  of  the  cylinder  was  about  27  inches.  This 
dimension  determined  the  turning  circle  of  the  trans¬ 
ducer,  and  therefore  the  necessary  size  of  any  dome 
enclosing  the  transducer.  The  overall  height  was 
about  30  inches  from  the  bottom  to  the  top  of  the 
mounting  flange.  Each  stave  of  the  transducer  was  di¬ 
vided  into  right  and  left  halves  to  allow  BDI  opera¬ 
tion  of  the  system. 

The  BDI  listening  receiver  used  the  sum-and-dif- 
ference  principle.  Its  development  was  primarily  con¬ 
cerned  with  stability,  unicontrol  of  frequency,  and 
remote  gain  control  problems.  The  general  principle 
of  this  BDI  circuit  was  to  (1)  add  the  voltages  from 
the  two  halves  of  the  transducer  and  amplify  the  sum 
in  one  channel,  (2)  subtract  the  two  voltages  and 
amplify  the  difference  in  another  channel,  (3)  shift 
the  phase  of  each  of  these  resultant  voltages  by  45 
degrees  in  such  a  way  as  to  produce  a  90-degree  dif¬ 
ference  in  phase,  and  (4)  combine  outputs  of  both 
channels  in  a  phase-sensitive  rectifier  to  give  a  d-c 
voltage  for  operation  of  the  BDI  right-left  indicator. 
The  sum  channel  was  also  used  to  provide  voltage  for 
brightening  the  spot  on  the  right-left  indicator  and 
to  provide  signal  power  for  operating  the  standard 
range  recorder  and  the  loudspeaker.  Thus,  this  re¬ 
ceiver  performed  both  the  functions  of  a  BDI  re¬ 
ceiver  and  a  listening  receiver  at  the  same  time.  Only 
one  pair  of  commutators  was  necessary  to  provide 
the  BDI  and  listening  functions,  the  outputs  from 
these  commutators  being  attached  to  the  two  inputs 


Figure  4.  Transducer  elements  needed  for  beam  forma¬ 
tion  in  depth-scanning  sonar  system. 


Figure  5.  Installation  of  HP-3DS  on  USS  Cyti-iera. 


of  the  BDI  listening  receiver.  Stability  of  the  receiver 
was  obtained  by  use  of  negative  feedback  in  all  am¬ 
plifier  circuits,  and  by  careful  choice  of  circuit  com¬ 
ponents.  The  receiver  was  designed  to  include  uni¬ 
control  of  frequency.  Simplicity  of  gain  control  was 
obtained  by  using  varistors  as  gain-control  elements 
in  such  a  way  that  the  gain  of  both  channels  of  the 
amplifier  could  be  modified  simultaneously  and  iden¬ 
tically.  This  was  an  important  consideration  since 
both  the  gains  and  phases  of  the  two  channels  had  to 
be  matched  at  all  times.  The  control  voltage  for 
modifying  the  gain  was  direct  current,  making  re¬ 
mote  gain  control  possible. 

The  principal  components  of  the  system  as  in¬ 
stalled  on  the  USS  Cythera  are  shown  in  Figures  6 
and  7.  Figure  6  shows  the  signal  circuits.  A  send-re- 
ceive  relay  was  used  to  connect  the  transducer  to  the 
transmitter  for  transmission  and  to  the  commutators 
for  receiving.  Output  of  the  scanning  commutator, 
which  rotated  at  a  speed  of  about  1,800  rpm,  was  con¬ 
nected  through  a  preamplifier  to  the  scan-brighten¬ 
ing  receiver  and  then  to  the  brightening  electrode  of 
the  cathode-ray  tube  in  the  EPI.  Signal  outputs  from 
the  two  listening  commutators  were  connected 
through  preamplifiers  to  the  BDI  listening  receiver, 
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and  then  to  the  BDI  cathode-ray  tube,  the  loud¬ 
speaker,  and  the  range  recorder.  Synchronizing  and 
timing  of  the  transmitted  pulse,  and  generation  of  the 
various  sweeps  and  blanking  wave  forms  were  accom¬ 
plished  by  circuits  in  a  sweep  chassis.  A  separate 
sweep  chassis  was  included  for  the  BDI  range  sweep, 
which  was,  however,  coordinated  with  the  first  sweep 
chassis.  The  unicontrol  circuit  involved  connections 
between  the  BDI  listening  receiver  and  the  transmit¬ 
ter.  Suitable  power  supply  units  were  provided  for 
the  two  receivers  and  the  BDI  sweep  circuit,  and  the 
other  units  had  self-contained  power  supplies. 

Figure  7  shows  the  synchro  control  and  display  cir¬ 
cuits.  The  spiral  sweep  for  the  cathode-ray  tube  in  the 
EPI  was  generated  by  a  synchro  used  as  a  3-phase  a-c 
generator,  attached  mechanically  to  the  commutator. 
The  output  of  this  generator  was  modified  in  phase 
by  a  differential  synchro  used  as  a  rotatable  phase- 
shifting  transformer,  and  was  then  applied  to  the  de¬ 
flection  coils  of  the  cathode-ray  tube  in  the  EPI.  Mo¬ 
tion  of  the  depth-angle  handwheel  at  the  elevation 
position  indicator  (1)  turned  a  cursor  placed  across 


the  face  of  the  EPI  cathode-ray  tube;  (2)  turned  a  syn¬ 
chro  which  electrically  transmitted  the  depth  angle 
combined  with  level  from  the  stable  element  to  the 
trunnion-tilt  corrector;  and  (3)  turned  a  synchro 
which  provided  electrical  signal  to  correct  the  EPI 
display.  Motion  of  the  handwheel  at  the  BDI  scope 
turned  a  synchro  which  electrically  transmitted  bear¬ 
ing  to  the  stable  clement.  A  switch  was  arranged  to 
make  rotation  of  the  handwheel  either  true  or  rela¬ 
tive  bearing.  To  obtain  true  bearing,  own-ship’s 
course  was  obtained  from  the  ship’s  gyrocompass 
through  a  gyrocompass  converter  unit.  The  electri¬ 
cal  output  of  the  stable  element,  plus  the  sum  of  level 
and  depth  angle  obtained  from  the  synchro  turned  by 
the  depth  handwheel,  were  transmitted  to  the  trun¬ 
nion-tilt  corrector.  Outputs  from  the  trunnion-tilt 
corrector  were  sonar  train  order  and  sonar  depression 
order.  The  sonar  train  order  was  used  to  train  the 
transducer  through  an  amplidyne  servo  system,  and 
the  sonar  depression  order  was  used  to  position  the 
listening  commutators  through  a  servo  system.  In  ad¬ 
dition,  the  sonar  depression  order  was  combined 
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with  depth  angle  in  the  differential  synchro  turned 
by  the  depth  handwheel  to  give  an  electrical  signal. 
This  signal  corrected  the  EPI  display  by  means  of 
the  phase-shifting  transformer. 

A  detailed  description  of  the  installation  on  the 
USS  Cythera  is  given  in  the  installation  book.0  Fig¬ 
ure  8  shows  installation  of  the  electronic  equipment. 
Figure  9  shows  the  trunnion-tilt  corrector  in  the 
sound  laboratory  in  the  forward  part  of  the  ship.  The 
stable  element  was  mounted  near  the  center  of  roll 
of  the  ship  in  the  forward  part  of  the  engine  room. 
Figure  10  shows  the  EPI,  BDI,  and  range  recorder. 
These  units  were  mounted  in  the  sound  laboratory  on 
a  table  of  proper  height  for  operation  by  two  opera¬ 
tors  seated  in  front  of  the  EPI  and  BDI  and  by  a 
third  operator  standing  in  front  of  the  range  recorder. 
The  brightening  and  BDI  listening  receivers  were 
rack-mounted  next  to  the  table  (see  Figure  8)  for  con¬ 
venience  in  tuning  the  system  and  adjusting  the  beat- 
frequency  oscillator  in  the  audio  output.  The  sweep 
chassis  and  test  equipment  were  mounted  in  a  rack 
next  to  the  receivers.  A  third  rack  contained  the  junc¬ 
tion  box,  servo  amplifiers,  and  the  three  commuta¬ 


tors.  The  transmitter  was  placed  next  to  the  three 
racks.  The  trunnion-tilt  corrector  and  a  synchro  indi¬ 
cator  panel  were  placed  on  a  work  bench  along  the 
port  side  of  the  laboratory. 

The  transducer  HP-3DS  was  mounted  on  the  exist¬ 
ing  QC  hoist-train  shaft  on  the  ship  (see  Figure  5).  A 
dome  was  used  to  protect  the  transducer  from  unnec¬ 
essary  strains  during  roll  and  pitch  and  from  the  for¬ 
ward  motion  of  the  ship,  and  to  provide  a  certain 
amount  of  streamlining.  Since  no  standard  dome  was 
available  which  would  allow  full  360-degree  rotation 
of  HP-3DS  and  which  was  suitably  transparent  for 
depth  scanning,  a  special  dome  was  procured  from 
the  Budd  Manufacturing  Company.  This  dome  was 
made  of  0.030-inch  stainless  steel  with  a  minimum  of 
bracing  to  avoid  acoustic  interference  and  reflections. 
A  photograph  of  the  dome  as  installed  on  the  USS 
Cythera  is  shown  in  Figure  11. 

In  order  to  make  experimental  checks  on  the  be¬ 
havior  of  the  depth-scanning  transducer,  a  deep  mon¬ 
itor  was  constructed  and  installed  on  the  USS  Cy¬ 
thera.  This  monitor  consisted  of  a  1 -inch-high  mag¬ 
netostriction  ring  stack,  whose  resonant  frequency 
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was  about  26  kc,T  and  which  was  mounted  on  the  end 
of  a  long  heavy-walled  steel  tube.  Figure  12  shows 
sketches  of  the  transducer  after  being  enclosed  in  a 
resinox  casting.  The  mounting  tube  was  placed  inside 
a  standpipe  in  the  ship  and  could  be  raised  or  lowered 
so  that  various  depth  angles  could  be  set  from  20  de¬ 
grees  above  the  horizontal  through  0  to  60  degrees  be¬ 
low.  Figure  13  shows  the  upper  end  of  this  mounting 
tube,  the  hoisting  mechanism,  and  the  square  angle- 
iron  piece  used  to  keep  the  inner  tube  from  rotating. 
As  shown  in  Figure  H,  the  deep  monitor  was  situated 
forward  and  slightly  to  port  of  the  depth-scanning 
transducer  HP-3DS.  Because  of  strength  and  accuracy 
considerations,  the  deep  monitor  was  not  usable  to  its 
full  extent  unless  the  weather  was  calm  and  the  ship 
was  not  under  way.  However,  there  was  also  installed 
an  early  model  of  the  installed  sound  gear  monitor 
[ISGM]*’  11  whose  streamlining  was  sufficient  to  per¬ 
mit  operation  at  the  IJS.S  Gytiikra’s  maximum  speed 
of  14  knots.  Measurements  and  operation  checks  for 
0-degrcc  depth  angle  were  therefore  possible  with 
the  ship  under  way.  The  position  of  the  ISGM  is 
shown  in  Figure  15. 


Ficvkf.  8.  Installation  of  electronic  equipment  for  20-kc 
DSS  on  USS  Cvtiiera. 


Figure  9.  Installation  of  trunnion-tilt  corrector  for  20-kc 
DSS  on  USS  Cvtiiera. 


6  2  3  Results  of  Tests  on  26-kc  Depth- 
Scanning  Sonar  Installed  on  the 
USS  Cythera 

The  depth-scanning  sonar  installed  on  the  USS 
Cythf.ra  was  tested  quite  comprehensively  in  order 
to  determine  the  degree  of  usefulness  of  depth  scan¬ 
ning  and  to  test  this  particular  installation.  The  work 
was  carried  on  mostly  at  Port  Everglades,  Florida,  a 
site  chosen  because  of  the  reasonably  deep  water  and 
generally  good  weather  conditions.  The  installation 
was  made  at  the  Boston  Navy  Yard  and  completed  at 
New  London.  The  trip  to  Port  Everglades  gave  op¬ 
portunity  to  check  the  electrical  circuits.  The  first 
two  days  after  arrival  were  spent  in  preparing  for  a 
demonstration  to  Navy  personnel. 10  This  was  a  quali¬ 
tative  demonstration  but  pointed  the  way  to  a  num¬ 
ber  of  quantitative  tests  which  were  made  later.  The 
primary  items  indicated  for  investigation  were  (1) 
the  importance  of  the  bottom  echo  and  (2)  the  appar¬ 
ent  width  of  the  target  spot  on  the  EPI. 

To  test  operation  of  the  transducer,  commutators, 
and  preamplifiers,  a  large  number  of  patterns  were 
taken,  both  vertical  and  horizontal,  in  reception  as 
well  as  in  transmission.11 

The  vertical  patterns  were  taken  by  placing  the 
deep  monitor  at  a  specific  depth  angle  and  then  ro¬ 
tating  one  of  the  depression  commutators  to  obtain 
the  pattern.  The  stabilization  system  was  by-passed 
since  both  HP-3DS  and  the  deep  monitor  were  at¬ 
tached  to  the  ship.  The  portable  polar  chart  recorder 
[PPCR]12  was  used  to  record  the  patterns;  its  syn¬ 
chro-control  circuit  was  connected  to  the  synchro 
control  on  the  commutator.  There  were  two  comniu- 
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Figure  10.  Installation  of  indicators  for  26-kc  DSS  on  USS  Cytiiera. 


tators  on  which  vertical  patterns  were  taken,  the  sum¬ 
listening  commutator  and  the  scanning  commutator. 
The  scanning  commutator  was  converted  for  servo- 
controlled  rotation  to  obtain  patterns. 

These  patterns  showed  that  the  sound  beam  was 
somewhat  wider  in  the  vertical  plane  than  expected 
from  measurements  on  the  commutators  made  in  the 
laboratory  with  an  artificial  transducer  and  at  the 
Spy  Pond  testing  station  with  the  HP-3DS  transducer 
and  the  sum-listening  commutator.13  The  beam 
width  10  db  down  from  the  maximum  varied  from  15 
to  20  degrees,  depending  on  the  depth  angle,  com¬ 
pared  to  values  of  14  to  15  degrees  measured  in  the 
laboratory.  Figure  16  shows  the  values  of  beam  width 
plotted  as  a  function  of  depth  angle.  The  first  minor 
lobes  on  the  vertical  patterns  were  somewhat  higher 
than  expected  but  did  not  produce  false  target  echoes. 
Figure  17  shows  a  typical  vertical  pattern.  The  center 
of  the  pattern  varied  somewhat  from  the  depth  angle 


with  a  maximum  difference  of  3  degrees.  Measure¬ 
ments  with  the  deep  monitor  showed  no  irregularities 
in  attenuation  of  the  sound,  caused  by  transmission 
through  the  dome. 

Because  of  the  importance  of  the  bottom  echo, 
values  of  response  on  the  pattern  for  90-degree  de¬ 
pression  were  of  interest.  Down  to  a  50-degree  depth 
angle,  the  response  remained  at  least  14  db  below  the 
peak  of  the  major  lobe.  Some  very  high  minor  lobes 
observed  at  angles  above  the  horizontal  were  attrib¬ 
uted  to  the  image  of  the  deep  monitor  in  the  hull  of 
the  ship  and  were  considered  of  no  importance  for 
actual  targets. 

Fforizontal  patterns  were  taken  by  setting  the  deep 
monitor  at  a  given  depression  angle  and  then  rotating 
the  FIP-3DS  transducer  through  a  complete  revolu¬ 
tion.  The  PPCR  was  connected  so  that  the  rotation  of 
its  table  corresponded  to  rotation  of  the  transducer. 
In  the  horizontal  plane,  two  types  of  pattern  were 
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Figure  11.  Installation  of  cylindrical  dome  on  USS 
Cvtiiera. 


taken,  snni  patterns  from  the  sum  commutator,  and 
difference  patterns  from  the  difference  commutator. 
It  was  considered  important  to  obtain  both  of  these 
in  order  to  estimate  the  possible  behavior  of  the  BDI 
circuit.  In  general,  the  horizontal  patterns  were  very 
good,  and  it  was  assumed  that  BDI  operation  should 
be  equally  good.  The  width  of  the  horizontal  pat¬ 
tern  at  10  dl)  down  from  the  maximum  was  22  de¬ 
grees,  which  agreed  well  with  the  computed  value.  As 
the  deep  monitor  was  lowered  for  larger  depth  angles, 
the  sound  beam  traced  out  a  cone  as  HP-3DS  was  ro- 
tatcd,so  that  the  apparent  pattern  became  wider. The 
measured  widths  followed  the  calculated  values  very 
well.  This  again  indicated  little  or  no  efTect  of  the 
dome  on  the  sound  beam.  Figure  18  shows  the  values 
of  beam  width  plotted  against  depth  angle  for  the 
sum  commutator.  Figures  19  and  20  show  the  beam 
widths  and  separation  plotted  against  depth  angle  for 
the  difference  commutator.  The  heights  of  the  minor 
lobes  relative  to  the  major  lobe  were  found  to  be  fair¬ 
ly  close  to  the  computed  values,  except  for  depression 
angles  above  the  horizontal  where  reflection  from  the 
bottom  of  the  ship  could  occur.  Figures  21  and  22 
show  typical  sum  and  difference  patterns,  respec¬ 
tively. 


Figure  13.  Top  of  installation  of  deep  monitor  on  USS 
Cvtiiera. 
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Figure  14.  Physical  arrangement  o£  HP-3DS  and  deep  Figure  15.  Physical  arrangement  of  HP-3DS  and  ISGM 

monitor  on  USS  Cytiiera.  on  USS  Cythera. 
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Fici'rk  17.  Typical  vertical  sum  pattern. 


Transmitting  pattern1115  were  taken  by  setting 
the  deep  monitor  at  a  given  depression  angle  and  ob¬ 
serving  the  amplitude  of  the  transmitted  ping  at  the 
deep  monitor  with  a  cathode-rav  oscilloscope.  The 
experimental  values  as  a  function  of  depth  angle 
showed  much  more  irregularity  than  was  to  be  cx- 
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peeled  from  the  data  taken  at  HUSL  on  the  trans¬ 
ducer.  Figure  23  shows  typical  values. 

An  approximate  calculation  shows  that  the  effect 
of  the  image  of  HP-3DS  in  the  hull  of  the  ship  could 
produce  an  interference  pattern  whose  magnitude 
from  maximum  to  minimum  would  be  about  the 
same  as  the  observed  irregularity.  Observations  made 
with  the  deep  monitor  over  a  small  range  of  depth 
angle  did  not  show  the  details  of  this  computed  inter¬ 
ference  pattern,  since  the  deep  monitor  transducer 
was  large  enough  to  average  out  such  details.  A  simi¬ 
lar  calculation  shows  that  an  interference  pattern 
might  be  obtained  at  long  range  due  to  this  image  ef¬ 
fect,  causing  the  transmitted  pattern  to  be  far  from 
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Figure  21.  Typical  horizontal  sum  pattern  for  26-kc  DSS 
installed  on  USS  Cythera. 


uniform.  In  general,  this  image  effect  and  the  result¬ 
ant  interference  patterns  form  a  fundamental  limita¬ 
tion  on  depth  scanning  unless  the  image  is  effectively 
eliminated.  For  long  ranges,  this  limitation  may 
amount  only  to  variation  of  strength  of  the  received 
echo.  More  importantly,  for  an  extended  target  it 
may  result  in  incorrect  determination  of  depth  angle 
because  of  variation  of  the  strength  of  the  received 
echo  from  various  parts  of  the  target. 

The  initial  operations  of  the  depth-scanning  sys¬ 
tem  showed  that  the  bottom  echo  was  extremely 
strong  and  appeared  both  in  the  scanning  and  listen¬ 
ing  indications  of  the  system.10  The  appearance  of  the 
bottom  echo  on  the  EPI  is  shown  in  Figure  24. 16  Zero 
elevation  is  horizontal  in  this  photograph.  The 
strength  of  the  bottom  echo  was  so  great  that  response 
was  obtained  on  all  the  minor  lobes  of  the  receiving 
pattern,  which  appeared  as  a  half  circle  to  a  full  cir¬ 
cle.  A  full  circle  resulted  from  a  reflection  of  the  echo 
from  the  ship’s  hull.  For  larger  ranges,  as  seen  in  the 
photograph,  the  bottom  echo  appears  as  approxi¬ 
mately  a  straight  line,  though  bent  upward  at  the 
rear,  for  depth  angles  greater  than  90  degrees.  The 
shape  of  the  bottom  echo  resulted  from  the  fact  that 


Figure  22.  Typical  horizontal  difference  pattern  for 
26-kc  DSS  installed  on  USS  Cythera. 


the  indication  was  not  true,  but  that  90  degrees  of 
depth  angle  was  spread  out  to  occupy  120  degrees  on 
the  face  of  the  cathode-ray  tube.  At  still  greater 


Figure  23.  Transmitting  pattern  for  HP-3DS  installed 
on  USS  Cythera. 
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ranges,  a  second  bottom  echo  is  observed,  due  to  mul¬ 
tiple  reflections  between  the  bottom  and  the  surface 
of  the  water.  It  is  obvious  that  a  target  occurring  at 
the  range  of  the  bottom  could  be  obscured  by  the 
bottom  echo  or  that  an  echo  might  be  missed  on  the 
EPI  because  of  the  large  number  of  dots  on  the  screen 
due  to  the  bottom  echo.  In  shallow  water  it  was  found 
that  the  pinging  rate  might  be  such  that  the  bottom 
echo  returned  during  the  period  of  time  represented 
by  a  succeeding  ping.  An  example  of  this  is  shown  in 
Figure  25.  It  is  obvious  that  the  bottom  echo  from  the 
preceding  ping  obscures  the  screen  during  the  sec¬ 
ond  ping  interval  and,  therefore,  the  target  might 
again  be  lost.  As  the  water  became  deeper  the  bottom 
echo  became  of  less  importance,  and  in  very  deep 
water  it  disappeared  entirely  because  of  the  absorbing 
nature  of  the  sediment  on  the  bottom.  An  example  of 
this  is  shown  in  Figure  20.  In  order  to  evaluate  this 
effect  quantitatively,  a  large  number  of  measure¬ 
ments  were  made  of  the  apparent  target  strength  of 
the  bottom  (defined,  as  in  the  case  of  a  submarine 
target,  as  the  size  of  the  equivalent  perfectly  reflective 
sphere).  The  apparent  target  strength  increased  with 
depth  of  sea  and  satisfactorily  followed  the  computed 
value.  Figure  27  summarizes  the  values  obtained.17 
The  computed  value  was  adjusted  to  fit  the  points  by 


assigning  a  proper  reflection  coefficient  for  the  bot¬ 
tom:  a  value  which  turned  out  to  be  surprisingly  low 
(about  0.0-1).  Despite  this,  the  target  strength  of  the 
bottom  was  found  to  be  at  least  equal  to  or  greater 


Fun  RI  26.  t  arget  echo  cm  KPI  display  for  DSS.  Range, 
180  yd;  submarine  .360  feet  deep;  depression  angle,  40  de¬ 
grees;  1,500  fathoms. 


CONFIDENTIAL 


EXPERIMENTAL  WORK  AND  RESULTS 


237 


42, 


TYPE  OF  BOTTOM 

_  •  MUD 

X  SAND 

_  O  CORAL 
□  UNKNOWN 

— 

-• 

$ 

; 

— i 

< 

’  - 

-X 

'''  □ 

• 

*  ( 

no 

- 

X 

EAST  COAST  FLORIDA 
DEPTH  SCAN  SYSTEM 
TRANSMIT-  ALL  STAVES 
RECEIVE-AUDIO  BEAM  90° 
DEPRESSION 

o 

X 

X 

X 

IOQ  200  300  400  500  600  700  800  1000 


DEPTH  YDS 

Figure  27.  Ocean  bottom  target  strength  versus  depth. 


than  the  target  strength  of  a  typical  submarine  for 
all  depths  greater  than  300  yards. 

Reduction  of  the  strength  of  the  bottom  echo  can 
be  accomplished  in  two  ways.  The  first  is  by  improv¬ 
ing  minor  lobes  of  the  scanning  pattern  so  that  the 
circle  observed  at  the  range  equal  to  the  depth  of  the 
sea  is  eliminated.  The  second  is  by  pinging  with  a 
directed  beam  whose  intensity  would  be  reduced  to¬ 
ward  the  bottom,  instead  of  pinging  with  the  nondi- 
rectional  beam  obtained  by  exciting  all  elements  of 
the  transducer  equally.  Such  a  directed  beam  was  ob¬ 
tained  by  exciting  only  ten  of  the  transducer  ele¬ 
ments.  Measurements  of  the  transmitted  beam  are 
shown  in  Figure  23  for  an  arrangement  using  ten 
elements  centered  on  the  horizontal  and  for  an  ar¬ 
rangement  using  ten  elements  centered  10  degrees 
below  the  horizontal.  A  second  experiment  was  car¬ 
ried  out  to  determine  the  effect  of  a  differently  di¬ 
rected  beam.18’™  The  projector  for  the  QBF  gear  in¬ 
stalled  on  the  USS  Cythera  was  used  for  transmis¬ 
sion,  and  the  depth-scanning  transducer  HP-3DS  was 
used  for  reception.  The  QBF  projector  had  a  pattern 
such  that  the  output  was  down  20  to  25  db  at  a  de¬ 
pression  angle  of  90  degrees.  The  QBF  gear  was 
trained,  in  accordance  with  the  information  obtained 
on  depth-scanning  sonar,  for  ranges  shorter  than 


those  for  which  contact  could  be  maintained  on  the 
QBF  system.  It  was  found  possible  to  make  successful 
runs  directly  over  a  submarine  at  depths  of  200  and 
400  feet  in  water  that  was  1,800  feet  deep.  Subsequent 
use  of  this  composite  system  in  shallower  waters  indi¬ 
cated  equally  successful  operation.  The  bottom  echo 
did  not  appear  on  the  EPI  screen  in  sufficient  strength 
to  be  confusing  so  far  as  the  target  was  concerned, 
and  there  was  no  difficulty  in  following  target  echo 
through  the  range  equal  to  the  depth  of  the  water.  A 
set  of  measurements  was  taken  to  show  relative 
strength  of  the  bottom  echo  as  a  function  of  the  listen¬ 
ing  beam  depression  angle  and  as  a  function  of  the 
type  of  transmitting  beam  used.  These  are  summar¬ 
ized  in  Figure  28.  This  curve  has  an  arbitrary  0-db 
value,  which  may  be  made  absolute  from  the  values 
given  in  Figure  27. 

In  relatively  shallow  water,  confusion  resulting 
from  appearance  of  the  bottom  echo  on  the  second 
ping  may  be  avoided  by  using  alternate  pinging  with 
the  screen  of  the  EPI  blanked  during  the  interval  for 
the  second  (omitted)  ping.10 

Measurements  of  the  target  strength  of  a  subma¬ 
rine  were  made,  and  the  values  obtained  agreed  quite 
well  with  those  published  in  other  reports.  This  was 
an  encouraging  sign,  because  it  indicated  that  the 
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Figure  28.  Relative  bottom  strength  versus  type  of  transmitting  beam  versus  depression  audio  receiving  beam. 


overall  operation  of  the  system  was  in  accordance 
with  theory.20 

The  visual  figure  of  merit  of  the  system21  was  meas¬ 
ured  and  the  values  obtained  compared  well  with  the 
QH  Model  2, 22  when  it  was  installed  on  the  USS  Cy- 
thera.  (See  Table  1.)  The  audio  figure  of  merit  for 
12-knot  speed  was  130  db.  The  value  for  QH  Model  2 
was  130  db  at  1 1  knots. 

The  listening  channel  operated  quite  satisfactorily. 
The  only  difficulty  encountered  was,  again,  the  bot- 


Table  1.  Figure  of  Merit  for  DSS  on  the  USS  Cytiikra. 


Visual  Figure  of  Merit 

Speed 

QH 

DIES 

Model  2 

0 

133 

MO 

12 

125 

125 

tom  echo.  The  direct  bottom  echo  had  no  doppler 
shift  in  frequency,  but  the  echo  of  the  bottom  at 
various  ranges,  that  is,  for  depression  angles  other 
than  90  degrees,  had  a  definite  doppler  which 
changed  as  the  depression  angle  increased.  This  effect 
was  most  noticeable  when  the  listening  beam  was 
pointed  forward  or  aft  because  of  reception  of  the  bot¬ 
tom  echo  on  the  back  and  side  lobes  as  well  as  the 
major  lobe  of  the  beam.  At  the  same  time,  the  target 


itself  might  have  a  still  different  doppler.  If  the  beat- 
frcqucncy  oscillator  was  adjusted  for  best  reception 
of  the  target,  it  was  often  difficult  to  judge  the  dop¬ 
pler  efTect  of  the  target  because  of  this  confusing  ef¬ 
fect  of  bottom-echo  doppler.  It  might  be  possible  to 
differentiate  the  target  from  the  bottom  by  this  dif¬ 
ference  in  doppler,  but  the  actual  doppler  shift  of  the 
target  would  be  difficult  to  determine. 

Typical  pictures  of  the  EPI  scope  are  shown  in 
Figures  24  and  2G.  Appearance  of  the  bottom  echo 
has  already  been  discussed.  There  seemed  to  be  a 
small  amount  of  surface  reverberation,  and  occasion¬ 
ally  wake  echoes  were  observed  on  the  surface.  How¬ 
ever,  the  region  between  the  surface  reverberation 
and  the  bottom  echo  was  quite  free  from  signal. 
When  the  transducer  was  trained  aft,  propeller  noise 
as  well  as  wake  echo  obscured  the  screen  for  values  of 
depth  angle  down  to  30  degrees.  Some  electric  noise 
also  appeared,  but  in  general  neither  electric  noise 
nor  water  noise  appeared  to  any  great  extent  on  the 
screen. 

When  the  stabilization  system  was  tested  after  in¬ 
stallation,  it  was  found  that  the  system  operated  in 
the  right  direction  and  that  the  corrections  had  about 
the  proper  magnitude.  The  training  control  was  not 
very  satisfactory  because  a  sudden  turn  of  the  azimuth 
handwheel  caused  a  considerable  amount  of  over- 
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shoot  and  oscillation  at  the  projector.  The  defect  was 
eventually  improved,23  but  all  the  servos  in  this  sys¬ 
tem  could  have  benefited  by  an  increase  in  stiffness. 

The  synchro  indicator  panel  contained  a  number 
of  synchros  which  indicated  the  various  values  trans¬ 
mitted  by  synchro  orders.  It  was  intended,  by  means 
of  a  movie  camera  synchronized  with  a  high-speed 
light  source,  to  photograph  the  dials  on  these  various 
synchros  in  order  to  obtain  data  on  stabilization  and 
check  on  the  operation  of  various  servos.  Unfortu¬ 
nately  the  synchros  were  not  suitable  for  this  applica¬ 
tion,  and  the  panel  was  never  used  in  its  original 
form;  lack  of  time  prevented  rebuilding. 

The  BDI  listening  receiver,  being  a  first  develop¬ 
ment  unit,  was  subjected  to  numerous  tests  and  was 
modified  in  a  number  of  particulars  before  it  oper¬ 
ated  properly.  The  measurements  of  the  sum  and  diff- 
ference  patterns  on  the  transducer  indicated  defi¬ 
nitely  that  the  BDI  receiver  should  work  properly, 
and  good  BDI  deflection  patterns  were  obtained  after 
some  effort.24  A  typical  measured  BDI  deflection 
curve  is  shown  in  Figure  29. 

In  the  original  design  of  the  BDI  receiver,  a  re¬ 
verberation-controlled  gain  [RCG]  circuit  was  in¬ 
cluded.  The  gain  reduction  was  initiated  by  the  ori¬ 
ginal  reverberation  level  and  the  circuit  then  allowed 
the  gain  to  increase  according  to  the  reverberation 
level.  The  strength  of  the  bottom  echo  was  great 
enough  to  reinitiate  the  gain  reduction,  hence,  to 
modify  the  proper  action.  For  this  reason,  the  gain  re¬ 
duction  initiation  was  later  obtained  from  the  blank¬ 
ing  pulse  in  the  sweep  chassis.  Transformers  feeding 
the  phase-sensitive  detector  also  caused  trouble  by 
introducing  improper  phase  shifts  and  wave-form 
distortions,  but  after  the  transformers  were  replaced 
the  phase-sensitive  detector  operated  properly. 

Despite  the  lack  of  suitable  BDI  indications  during 
the  early  part  of  tests  on  the  system,  it  was  found 
fairly  easy  to  locate  and  follow  a  target,  provided  the 
general  area  for  search  was  known.  This  was  particu¬ 
larly  true  in  deep  water  where  there  was  no  bottom 
echo.  In  this  situation,  a  submarine  target  could  be 
followed  from  about  a  1,300-  to  120-yard  range;  that 
is,  directly  over  the  submarine,  or  for  depression 
angles  from  0  to  90  degrees.  Contact  was  readily  main¬ 
tained  while  passing  over  the  target  until  about  40 
degrees  depression  when  the  receiver  was  trained  aft, 
at  which  time  propeller  noise  obscured  the  echo. 
While  the  maximum  observed  range  on  a  submarine 
target  was  1,300  yards,  good  echoes  were  sometimes 


Figure  29.  Typical  BDI  deflection  curve,  depth-scanning 
sonar. 


obtained  from  surface  targets  out  to  3,750  yards.  In 
the  absence  of  BDI  indications,  contact  was  main¬ 
tained  by  listening  to  the  echo,  watching  the  EPI,  and 
using  cut-on  procedures.  Difference  between  the  tar¬ 
get  and  its  wake  was  readily  observed  by  noting  the 
doppler  shift.  Temperature  gradients  in  the  waters, 
near  Port  Everglades,  in  which  most  of  the  tests  were 
made,  were  very  slight  and  did  not  appreciably  limit 
operation  of  the  system. 

As  an  overall  test  of  the  complete  installation,  the 
USS  Cythera  followed  several  runs  of  a  submarine 
from  the  greatest  detectable  range  to  depth  angles  of 
very  nearly  90  degrees.  A  typical  plot  of  slant  range 
and  depth  versus  time  is  shown  in  Figure  30.  Also 
plotted  is  the  actual  depth  of  the  target  obtained  from 
the  log  of  the  submarine.  Experimental  depth  values 
were  computed  from  range  and  depth  angle.  The 
depth  was  2,350  yards  and  the  water  was  at  a  constant 
temperature  of  61  F  down  to  a  depth  of  400  feet.  De¬ 
pression  angles  were  measured  by  recording  the  cur¬ 
sor  settings  of  the  EPI.  From  curves  of  the  three  runs 
(shown  in  Figure  30),  the  apparent  depth  seems  to  be 
a  function  of  range  (as  plotted  in  Figure  31).  If  it  is 
assumed  that  there  was  a  systematic  error  of  3  degrees 
in  the  depth  angle  and  a  correction  of  this  amount 
was  made,  then  the  observed  depth  is  closer  to  the  re¬ 
ported  depth  from  the  target.  The  original  setting  of 
the  zero  of  the  elevation  angle  was  made  in  dry  dock 
at  a  time  when  the  keel  of  the  ship  was  horizontal. 
When  the  ship  was  in  water  the  keel  may  not  have  re¬ 
mained  horizontal,  so  that  calibrations  carried  out 
using  the  deep  monitor  may  have  been  in  error.  In 
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addition,  there  may  have  been  some  error  in  the  servo 
mechanisms  which  stabilize  the  indication  on  the 
EPI.23 

6-2-4  Conclusions 

Tests  carried  out  on  the  depth-scanning  system  in¬ 
stalled  on  the  US.S  Cythera  proved  that  depth  scan¬ 
ning  was  a  feasible  system  and  that  it  followed  in  gen¬ 
eral  the  prediction  made  for  it.  Several  specific  items 
arose  which  had  to  he  considered  in  the  application 
of  depth  scanning  to  the  integrated  Type  15  sonar. 
One  of  these  was  reduction  in  strength  of  the  bottom 
echo.  Various  schemes  were  proposed  for  the  use  of  a 
directional  transmitting  pattern, 2,!'27-2V2!,’:i"  and  one 
or  two  of  these  were  carried  out  on  the  experimental 
installation.  The  use  of  a  lag  line,  or  lines,  in  form¬ 
ing  a  transmitting  beam  should  be  considered  theo¬ 
retically.  A  pattern  of  the  type  shown  in  Figure  .32 
might  be  found  useful,  if  practical  means  could  be 
devised  to  form  such  a  beam.  It  has  the  obvious  ad¬ 
vantages  of  reducing  both  the  strength  of  the  bottom 
echo  and  the  strength  of  any  target  image  in  the  sur¬ 
face  of  the  water. 

The  particular  sum-and-diffcrcncc  BDI  receiver 
used  caused  trouble  in  the  experimental  work— to  the 
extent  that  it  was  not  recommended  for  use  in  the 
integrated  Type  15  sonar  unless  further  development 
work  was  carried  out  on  it.  In  particular,  the  bridge- 
type  varistor  vario-losser  circuits  used  did  not  have 
sufficient  dynamic  range  and  power-handling  capa¬ 
city.  As  expected,  it  was  found  that  center  indication 
of  the  target  was  always  correct,  though  right  and  left 
deviations  were  at  times  incorrect  when  the  varistors 


introduced  spurious  phase  reversals.  Some  difficulty 
in  obtaining  proper  151)1  operation  was  due  to  in¬ 
ability  to  line  up  properly  the  two  listening  commu¬ 
tators.  A  means  of  alignment  should  be  provided. 

The  transmitter,  junction  box,  commutators  (ex¬ 
cept  as  mentioned  above),  and  transducer  were  found 
satisfactory  for  use  in  integrated  Type  15  sonar.  Pat¬ 
terns  taken  on  the  transducer  show  that  it  was  quite 
satisfactory  for  depth  scanning  and  for  application  to 
a  BDI-type  circuit.  Tests  on  the  transmitter  showed 
that  it  operated  properly,  though  some  detailed  rec¬ 
ommendations  were  made  in  regard  to  the  keying- 
control  circuits  in  order  to  keep  the  pulse  length  con¬ 
stant  and  to  retain  the  pulse  shape.  The  stabilization 
feature  of  the  system  was  found  to  work  properly, 
although  it  was  not  possible  to  make  detailed  tests  in 
the  experimental  work.  It  was  recommended  that  the 


Ficurk  32.  Proposed  pattern  for  transmission  for  depth¬ 
scanning  sonar. 
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various  servo  systems  in  the  synchro-control  circuits 
be  kept  quite  stiff  in  order  to  obtain  proper  operation 
of  the  servos  and  to  retain  a  suitable  instrumental 
accuracy  in  the  system. 

The  depth-scanning  system  proved  to  have  the  dis¬ 
tinct  advantage  of  allowing  the  operator  to  keep  on 
the  target  by  reference  to  the  scanning  indicator 
(EPI),  so  that  momentary  loss  of  the  target  by  the  in¬ 
correct  choice  of  depression  angle  could  be  corrected 
without  searching  for  the  target. 

6.3  TRANSDUCER,  TRANSFER 

NETWORKS 

6.3.1  JJP-3DS  Depth-Scanning  Transducer13 

The  depth-scanning  transducer31  HP-3DS  was  de¬ 
signed  and  constructed  in  order  to  carry  out  investi¬ 
gations  on  the  principle  of  depth  scanning  and  to  pre¬ 
pare  for  detailed  design  and  construction  of  a  depth¬ 
scanning  transducer  for  the  integrated  Type  B  sonar. 
Since  it  was  hoped  to  construct  such  a  model  fairly 
rapidly,  the  time  factor  was  important  in  the  first  tests 
on  depth  scanning.  Owing  to  the  immediate  avail¬ 
ability  of  HP-3  magnetostrictive  laminations,  the  de¬ 
tailed  design  of  HP-3DS  included  these  laminations 
taking  into  account,  however,  the  various  general 
design  considerations. 

Both  depth-scanning  transducers  HP-3DS  and  HP- 
8D  were  designed  on  the  basis  of  the  same  general  re¬ 
quirements,4  except  for  the  maximum  allowable  size. 
The  general  requirements  were  as  follows: 

1.  The  vertical  beam^ width  should  allow  possible 
measurement  of  depth  angle  to  y2  degree  at  1,000- 
yard  range.  It  was  decided  that  the  vertical  beam 
width  should  be  about  9  degrees  wide  and  6  db  down 
from  the  maximum  in  order  to  meet  this  require¬ 
ment. 

2.  The  horizontal  beam  width  should  be  such  that 
the  entire  target  would  be  contained  in  the  beam  at 
all  times  for  all  target  aspects  and  useful  ranges.  It 
was  decided  that  the  horizontal  beam  width  should 
be  about  20  degrees  wide  10  db  down  from  the  maxi¬ 
mum  in  order  to  ineet  this  requirement.  (Thus,  for 
example,  a  beam-on  target  300  feet  long  at  a  range  of 
150  yards  would  be  entirely  included  in  this  beam.) 

3.  The  depth-scanning  transducer  should  have 
such  dimensions  that  it  would  fit  into  a  standard  19- 
inch  sonar  sea  chest,  so  that  it  could  be  used  on  a 
standard  sonar  hoist  train.  (This  dimensional  re- 


Figure  33.  Spool,  gooseneck,  and  end  flanges  for  HP-3DS 

transducer. 

quirement  was  not  met  by  HP-3DS,  but  was  met  by 
HP-8D.) 

4.  The  depth-scanning  transducer  should  be  con¬ 
structed  to  allow  examination  of  depression  angles 
from  0  to  90  degrees  independent  of  roll  and  pitch  of 
the  ship.  In  meeting  this  requirement,  it  was  assumed 
that  the  combined  effect  of  roll  and  pitch  would  not 
exceed  30  degrees  under  normal  conditions  of  opera¬ 
tion. 

5.  It  was  envisaged  that  when  the  depth-scanning 
sonar  was  being  used  in  attack,  it  should  be  inde¬ 
pendent  of  any  other  sonar  system  which  might  lose 
contact  with  the  target  for  large  depression  angles. 
For  this  reason,  it  was  required  that  the  depth-scan¬ 
ning  transducer  be  constructed  so  that  target  bearing 
deviations  could  be  determined.  This  requirement 
was  met  by  making  each  element  on  the  transducer  in 
two  halves,  thus  providing  effective  right  and  left 
halves  in  the  transducer  for  BDI  operation. 

The  depth-scanning  transducer  HP-3DS  met  all  ex¬ 
cept  the  dimensional  requirement.  In  order  to  obtain 
the  necessary  vertical  beam  width  it  was  decided  that 
a  64-elemcnt  cylindrical  transducer,  10  wavelengths 
in  diameter,  would  be  satisfactory.  The  diameter  of 
the  active  face  of  the  cylinder  was  accordingly  made 
about  23  inches,  since  the  frequency  of  HP-3  lamina¬ 
tions  used  was  26  kc.32  To  obtain  the  required  hori¬ 
zontal  beam  width,  an  active  length  of  element  of 
about  eight  inches  was  necessary.  Actually,  HP-3DS 
laminations  were  being  consolidated  for  other  pur¬ 
poses  in  stacks  3^  inches  long.  Two  of  these  stacks 
with  end  caps  on  each  gave  a  length  of  834  inches, 
producing  a  pattern  of  22.5  degrees  width  10  db  down 
from  the  maximum  (see  Chapter  9).  The  use  of  two 
such  stacks  in  each  element  automatically  satisfied 
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requirement  No. 5  above  since  such  element  then  con¬ 
sisted  of  right  and  left  halves. 

A  total  of  -18  elements  arranged  around  270  degrees 
of  the  transducer  were  used  as  explained  in  the  pre- 


Tablk  2.  Characteristics  of  the  Staves  and  Stacks  l 'set!  in 
Scanning  Sonar  Transducer  HP-3DS.  Frequencies  Are 
Referred  to  a  Temperature  of  23.5  G. 
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vious  section.  Figures  through  39  are  photographs 
of  the  HP-3DS  transducer  in  various  stages  of  con¬ 
struction.  Table  2  shows  the  electrical  characteristics 
of  the  various  stacks  used  in  the  transducer. 

Selection  of  a  suitable  cable  for  HP-8DS  was  com¬ 
plicated  by  the  192  wires  necessary.  The  first  cable 
used  for  test  work  is  shown  in  Figure  39  and  was  later 
replaced  by  two  sections  of  a  Navy  Type  Cable 
TTHFA-50  with  suitable  cable  seals. 

The  transducer  was  electrically  coupled  to  three 
commutators  during  reception,  and  to  the  transmit¬ 
ter  on  transmission,  by  means  of  a  transfer  network 
including  a  junction  box  and  various  transformers. 
The  junction  box  included  coupling  capacitors,  a 
send-receivc  relay,  and  a  tuning  coil.  The  transform¬ 
ers  were  mounted  directly  on  the  commutators  but 
formed  an  integral  part  of  the  transfer  network.  The 
wiring  diagram  for  the  transfer  network  is  shown  in 
Figure  10.  Figure  11  shows  the  rack  containing  the 
junction  box  and  three  commutators. 

The  transfer  from  transmission  to  reception  was  ac¬ 
complished  by  means  of  a  double-pole  single-throw 
switch,  (switches  .S',  and  .V,  Figure  40),  which  during 
reception  grounded  the  common  points  on  the  vari¬ 
ous  sum  transformers  and  also  grounded  the  common 


FuatRK  34.  Assembly  of  spool,  end  flanges,  and  gooseneck 
for  HP-3DS  transducer. 
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OF  THE  LEG. 

Figure  35.  HP-3  stack  as  used  in  HP-3DS  transducer. 

points  of  the  various  coupling  capacitors.  During  the 
transmission  interval,  this  switch  was  open,  and  the 
receiving  transformers  were  ungrounded  and  inac¬ 
tive,  so  that  the  transmitter  fed  the  96  transducer 


WIRE  FROM  RUBBER  FACE  STRIP 


Figure  36.  Side  view  of  stave-like  element  used  in  HP- 
3DS  transducer. 


stacks  in  parallel,  each  through  a  series  capacitor  (C 
=  0.051  /xf).  The  total  impedance  of  the  96  stacks  and 
capacitors  in  parallel  was  about  0.27  —  / 0.96  ohms. 
To  tune  out  this  amount  of  capacitance,  a  tuning  coil 
was  placed  in  shunt  across  the  transmitter  to  ground. 
This  coil  had  an  inductance  of  6  /xh  and  was  built  of 
heavy  Litz  wire  in  such  a  manner  that  it  would  carry 
the  very  large  circulating  currents  obtained  during 
transmission.  During  reception  (see  Figure  40),  the 
switches  and  S2  were  closed.  Each  pair  of  elements, 
right  and  left  (shown  as  1L,  1R,  etc.,  in  Figure  40), 
was,  therefore,  connected  to  a  transformer  so  that  the 
output  of  the  transformer  was  the  difference  between 
the  voltages  generated  by  the  two  halves.  This  trans¬ 
former  was  center-tapped  and  led  to  the  mid-point  of 
the  two  halves  of  the  transducer  element  through  the 
primaries  of  two  other  transformers,  whose  outputs 
were  then  proportional  to  the  sum  of  the  two  voltages 
developed  by  the  two  halves  of  the  transducer  ele¬ 
ment.  These  sum-and-difference  voltages  were  led  to 
the  commutators  (see  next  section  of  this  chapter). 

The  transducer  was  carefully  tested  at  Spy  Pond 
before  being  released  for  installation.  In  all  these 
tests,  the  junction  box  was  used  with  the  sum  listen- 


Ficurf,  37.  Assembly  of  elements  on  HP-3DS  transducer. 
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ing  and  scanning  commutators.  The  difference  com¬ 
mutator  was  not  available  so  the:  connections  to  it 
were  short-circuited.  T  he  6-/th  tuning  coil  was  not 
available  but  was  not  necessary  in  these  tests.  Figure 
42  shows  the  basic  circuit  used.  All  measurements 
were  made  with  the  axis  of  symmetry  of  the  trans¬ 
ducer  spool  in  the  vertical  direction:  that  is,  with  the 
transducer  on  its  side,  the  right  side  up  and  the  left 
side  down. 

The  following  measurements  were  made:13 

1.  Receiving  patterns  were  taken  through  the  sum¬ 
listening  commutator  by  rotating  the  commuta¬ 
tor  with  the  transducer  in  fixed  positions,  and 
vice  versa.  All  patterns  were  taken  at  26  kc  with 


Figure  38.  Assembly  of  HI’-SDS  transducer  showing 
nickel  hands  over  surface  of  rubber  hoot. 


the  sound  source  at  a  distance  of  2-1  feet,  unless 
otherwise  specified. 

2.  Receiving  patterns  of  all  elements  in  parallel 
were  taken. 

3.  Patterns  were  taken  for  various  single  stacks. 

4.  Frequency  responses  of  various  single  stacks 
were  taken. 

5.  Impedance  measurements  were  made  on  some 
single  stacks. 

6.  Transmitting  patterns  with  all  elements  in  par¬ 
allel  were  taken. 

7.  Patterns  were  taken  in  the  BDI  plane  by  noting 
the  response  of  a  B19B  transducer  mounted  in  a 
horizontal  position  and  raised  and  lowered  at 
known  distances  in  front  of  the  HP-3DS  trans¬ 
ducer. 

8.  Phase  measurements  were  made  between  pairs 
of  stacks  and  between  pairs  of  elements  at  a  fre¬ 
quency  of  26  kc  as  a  function  of  stack  position. 


Figure  3!).  Cable  connection  to  HP-3DS  transducer. 
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Figure  40.  Wiring  diagram  of  transfer  network  for  26-kc 
DSS. 


9.  Phase  measurements  were  made  between  pairs 
of  stacks  and  pairs  of  elements  as  a  function  of 
frequency. 

Standard  test  methods  were  used  in  making  these 
measurements.  The  results  of  these  measurements 
showed  that  HP-3DS  was  suitable  for  use  as  a  depth¬ 
scanning  transducer.  The  patterns  obtained  with  the 
commutator  were  slightly  wider  than  computed  (15 
degrees  at  10  db  down  from  the  maximum)  but  were 
considered  satisfactory.  The  receiving  pattern  with 
all  elements  in  parallel  showed  that  a  nearly  nondi- 
rectional  pulse  should  be  obtained  on  transmission 
for  the  270  degrees  of  arc  covered  with  elements.  The 
frequency  response  measurements  showed  that  the 
main  resonance  occurred  at  27  kc.  Patterns  in  the 
BDI  plane  were  not  good  and  more  satisfactory  meas¬ 
urements  for  evaluation  of  the  BDI  operation  were 
taken  after  installation  (see  preceding  section).  Phase 
measurements  showed  the  phase  difference  between 
voltages  generated  in  the  various  stacks  and  the  stack 
on  the  acoustic  axis  to  be  somewhat  greater  than 
computed.  This  factor  is  important  in  the  behavior  of 
the  combination  of  transducer  and  commutator  in 
producing  a  suitable  directional  beam  of  sensitivity. 

When  phase  measurements  were  made,  responses 
of  the  elements  were  also  taken.  This  was  done  to  ob¬ 
tain  information  on  the  proper  amounts  of  attenua¬ 
tion  to  use  in  the  lag  line  to  give  the  degree  of  ampli¬ 
tude  shading  that  would  make  the  side  lobes  of  the 
acoustic  receiving  pattern  sufficiently  low.  The  pres¬ 
sure  amplitude  pattern  was  found  to  be  midway  be¬ 
tween  the  theoretical  patterns  for  stiff  and  soft  baffles. 


Efficiency  of  the  transducer  was  computed  to  be  about 
30  per  cent. 

6.3.2  JJP-8D  Depth -Scanning  Transducer 

The  depth-scanning  transducer  for  the  integrated 
Type  B  sonar  was  designed  in  accordance  with  the 
general  requirements  listed  in  Section  6.3.1.  These 
requirements  specified  the  vertical  and  horizontal 
beam  widths,  the  angles  that  must  be  scanned,  and 
the  split  construction  necessary  for  BDI  service.  In 
addition,  it  was  specified  that  the  transducer  should 
have  such  dimensions  that  it  would  be  accommodated 
in  a  standard  19-inch  sea  chest. 

In  considering  the  design  of  integrated  Type  B 
sonar,  it  was  proposed  that  the  azimuth  scanning  for 
search  be  combined  with  depth  scanning  for  attack 
(see  first  part  of  this  chapter).  Two  transducers  were 


COMMUTATOR 


COMMUTATOR 
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Figure  41.  Junction  box  and  commutator  assembly  for 
26-kc  DSS. 
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Figure  42.  Transfer  network  for  Spy  Pond  tests  of  HP- 
3DS  transducer. 

needed,  and  it  was  proposed  that  they  be  mounted 
on  the  same  hoist-train  shaft  so  that  only  a  single 
opening  in  the  hull  of  the  ship  would  he  necessary. 
It  was  pointed  out,5  however,  that  a  maximum  depth 
of  only  50y2  inches  below  the  keel  of  the  ship  could 
be  allowed  without  interference  in  dry-docking.  This 
made  the  mounting  of  two  transducers  on  the  same 
shaft  somewhat  difficult.  Consideration  was  given  to 
various  possible  schemes  of  mounting  the  transducers 
separately33  and  of  placing  the  transducers  at  differ¬ 
ent  points  of  the  hull.  All  these  proposals  led  to  some 
acoustic  shadowing  of  one  transducer  by  the  other,  ot¬ 


to  unduly  complicated  design  of  the  dome.  They  also 
required  two  hoist-train  mechanisms,  if  the  trans¬ 
ducer  was  to  be  retractable  within  the  ship  when  not 
in  use.  Therefore,  it  was  decided  that  for  integrated 
Type  B  sonar,  an  effort  would  be  made  in  the  design 
to  keep  the  transducers  within  the  limit  of  50 /2 
inches  below  the  keel  of  the  ship,  but  mounted  on  a 
single  shaft. 

The  mounting  of  HP-8D  on  the  same  shaft  as  the 
azimuth-scanning  transducer  raised  a  question  of 
training.  Since  the  depth-scanning  transducer  was  to 
scan  in  only  one  plane,  it  had  to  be  trained  to  point 
towards  the  target.  The  azimuth-scanning  transducer, 
however,  did  not  require  training,  as  commutators 
could  be  used  to  point  the  beam  of  sensitivity  at  the 
target.  Therefore,  a  scheme  was  considered  for  rotat¬ 
ing  only  the  depth-scanning  transducer.  This  led  to 
considerable  mechanical  difficulties.  To  avoid  these 
it  was  decided  to  rotate  both  transducers  simultane¬ 
ously. 

For  the  reasons  discussed  above,  it  was  desirable  to 
make  the  depth-scanning  transducer  HP-8D  small. 
To  retain  the  desired  beam  widths,  a  considerably 
higher  frequency  than  that  used  for  HP-3DS  was  re¬ 
quired.  To  avoid  interference  between  the  azimuth¬ 
scanning  and  depth-scanning  systems,  different  fre¬ 
quencies  were  used  for  the  two  transducers.  Since  26 
kc  had  been  chosen  for  the  azimuth-scanning  trans¬ 
ducer,  10  kc  was  chosen  for  HP-8D. 


Figure  43.  Spool  and  spacer  for  elements  for  HP-8D 
transducer. 


Figure  44.  Spool  and  spacer  for  elements,  assembled,  for 
HP-81)  transducer. 
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Figure  45.  Assembly  of  first  set  of  stacks  and  spool  of 
HP-8D  transducer. 


The  depth-scanning  transducer  HP-8D  then  met 
all  the  requirements  listed  in  Section  6.3.1  and  was 
designed  to  be  mounted  underneath  the  azimuth¬ 
scanning  transducer  HP-5  and  to  be  turned  on  the 
same  shaft  with  HP-5.  In  order  to  meet  the  vertical 
beam  width  requirement  of  9  degrees  at  6  db  down 
from  the  maximum  it  was  decided  that  a  64-element 
cylindrical  transducer  would  be  satisfactory,  and  that 
an  active-face  diameter  of  about  15  inches  would  be 
needed  at  40  kc.32  Design  of  laminations  to  be  used 


Figure  46.  Assembly  of  second  set  of  stacks  on  HP-8D 
transducer. 


for  HP-8D  was,  therefore,  made  on  this  basis.34  To 
meet  the  horizontal  beam  width  requirement  of  20 
degrees  at  10  db  down  from  the  maximum,  the  HP- 
8D  laminations  were  consolidated  in  stacks  3  inches 
long,  and  two  such  stacks  were  placed  together  to 
form  an  element  6  inches  long,  with  an  additional  y2 
inch  for  separation  between  the  stacks.  The  pattern 
for  an  unshaded  6i/2-inch  element  was  computed  to 
be  19.3  degrees  at  10  db  down  from  the  maximum. 
This  was  considered  satisfactory  to  meet  the  require¬ 
ment.  The  use  of  two  such  stacks  in  each  element 
automatically  satisfied  the  requirement  for  BDI  op¬ 
eration  of  the  depth-scanning  system  by  providing 
right  and  left  halves  for  each  element.  As  explained 
for  the  HP-3DS  transducer,  a  total  of  48  elements  ar¬ 
ranged  around  270  degrees  of  the  transducer  satisfied 
the  requirements  for  scanning  the  depth  angles  from 
0  to  90  degrees,  allowing  30  degrees  leeway  on  each 
end  of  the  range  for  pitch  and  roll  (see  Figure  4). 

The  requirement  that  the  HP-8D  transducer  was 
to  be  mounted  underneath  the  HP-5  transducer  led 
to  some  changes  in  mechanical  design  of  the  depth¬ 
scanning  unit.  These  were  primarily  changes  in  form 
of  the  upper  flange  structure  attaching  HP-8D  to 
HP-5,  and  in  arrangement  of  cable  ducts  to  carry  the 
cables  from  HP-8D  through  HP-5  without  making 


Figure  47.  Assembly  of  stacks  on  spool,  terminal  board 
in  place,  HP-8D  transducer. 
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either  transducer  vulnerable  to  leaks  in  the  other. 
Experience  in  the  construction  of  HP-3DS  led  to 
other  detailed  c  hanges  in  the  construction  of  HP-81), 
particularly  in  regard  to  the  supporting  structure  for 
the  transducer. 

Figures  13  through  52  tire  photographs  illustrating 
the  construction  and  assembly  of  FIP-8I). :ir’  'Fable  3 


Tabu.  3.  Electrical  Measurements  of  Elements  for  HP-81)  No.  2. 
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gives  the  electrical  characteristics  of  the  various  staves 
used  in  the  HP-81),  Model  2  (stainless  steel  castings). 

Prior  to  release  of  HP-81)  No.  2  for  installation  this 
equipment  was  given  a  series  of  tests  at  the  barge  test 
station  as  follows: 

1.  Vertical  patterns  were  taken  (a)  on  a  number  of 
elements  a t  the  resonance  frequency,  (b)  on  one 
group  ±2  kc  from  resonance,  and  (c)  on  one 
group  at  the  second  harmonic  frequency. 

2.  Vertical  patterns  were  taken  on  various  groups 
of  elements  in  parallel,  at  the  resonance  fre¬ 
quency  and  at  ±5  kc  from  resonance. 

3.  Vertical  patterns  were  taken  on  the  transducer 
in  conjunction  with  the  commutator. 

4.  Frequency  responses  were  taken  on  a  number  of 
elemen  is. 

5.  Horizontal  patterns  were  taken  for  one  element 
only. 

0.  Phase  measurements  were  made,  and  amplitude 
responses  were  taken  simultaneously  on  four 
groups  of  elements. 

7.  Admittance  measurements  were  taken  for  the 
right  and  left  halves  of  the  transducer  with  all 
elements  in  parallel  in  each  case;  and  impedance 
measurements  were  taken  on  each  individual 
stack. 

8.  A  frequency  response  was  taken  with  all  ele¬ 
ments  in  parallel,  and  under  the  same  condi- 


Fk.cki:  48.  Wiring  of  stacks  to  terminal  hoard,  HP-8D 
transducer. 
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Figure  49.  Assembly  of  rubber  boot  over  elements,  with 
one  end  flange  in  place,  HP-8D  transducer. 


tions  a  measurement  was  made  of  the  field  ob¬ 
tained  by  using  HP-8D  No.  2  as  a  transmitter, 
and  the  impedance  of  the  transducer  was  deter¬ 
mined.  These  data  were  used  to  compute  the 
efficiency  of  HP-8D  No.  2. 

Standard  test  procedures  were  used  in  making  these 
measurements.  Dummy  mountings  were  made  avail¬ 
able  for  these  tests,  as  shown  in  Figure  53.  The  dum¬ 
my  HP-5  transducer  was  removed  when  taking  ver¬ 
tical  patterns.  Analysis  of  the  data  led  to  the  follow¬ 
ing  conclusions  and  results: 

1.  The  HP-8D  No.  2  transducer  proved  satisfac¬ 
tory  as  a  depth-scanning  transducer,  operated  at 
38  kc. 

2.  The  HP-8D  No.  2  transducer  operated  best  into 
a  lag  line  designed  for  about  the  computed  ka  = 
32  at  40  kc.  (This  result  was  derived  from  the 
phase  measurements.) 

3.  Vertical  patterns  taken  with  the  commutator 
connected  to  the  transducer  gave  a  beam  width 
of  12  degrees,  10  db  down  from  the  maximum; 
side  lobes  were  at  least  15  db  down,  and  back 
radiation  at  least  22  db  down  from  the  maxi¬ 
mum. 

4.  The  one  horizontal  pattern  gave  a  beam  width 
of  13.5  degrees,  10  db  down  from  the  maximum, 


Figure  50.  Assembly  with  both  end  flanges  in  place,  side 
view,  HP-8D  transducer. 


with  the  first  minor  lobes  being  10  db  down 
from  the  maximum. 

5.  The  efficiency  of  the  transducer  was  computed 
to  be  about  30  per  cent. 

6.  Amplitude  measurements,  taken  at  the  same 


Figure  51.  Assembly  with  both  end  flanges  in  place, 
front  view,  HP-8D  transducer. 
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Dummy  HP- 5  Tronsducer 


Spec to I  Mounting 


Shipping  plate 
HP-8D 


time  as  the  phase  measurements,  provided  data 
for  computation  of  the  attenuation  to  be  used 
in  the  lag  line  to  achieve  proper  amplitude  shad¬ 
ing  for  reduction  of  side  lobes  in  the  vertical 
pattern. 

7.  Receiving  patterns  taken  with  various  numbers 
of  elements  in  parallel  showed  the  various  possi¬ 
bilities  for  transmission  patterns  using  these 
combinations.  The  pattern  for  all  elements  in 
parallel  showed  that  omnidirectional  transmis¬ 
sion  could  be  obtained  for  nearly  the  entire  270 
degrees  of  arc  covered  with  elements. 

The  transfer  network  connecting  the  transducer  to 
the  three  commutators  for  the  depth-scanning  por¬ 
tion  of  integrated  Type  B  sonar  was  the  same  as  that 
used  with  HP-3DS,  except  that  values  of  the  various 
circuit  elements  were  different.  The  wiring  diagram 
is  shown  in  Figure  40.  Value  of  the  coupling  capacitor 
C  was  made  0.033  /xf  on  the  basis  of  a  stack  impedance 
of  16  —  j 27  ohms.:,,i  For  the  parallel  combination  of 
96  stacks,  each  with  its  capacitor  in  series,  the  result¬ 
ant  impedance  was  0.167  —  ;  1.0 14  ohms,  and  the  nec¬ 
essary  tuning  coil  had  an  inductance  of  4.5  /xh. 

The  cable  for  HP-81)  No.  2  was  procured  from  the 
Collyer  Wire  and  Cable  Company  according  to  the 
HUSL  specifications.37  40  The  primary  problem  in¬ 
volved  in  construction  was  the  need  to  combine  flex¬ 
ibility  (bending  and  torsion)  and  complete  internal 


Fk.i  ri:  52.  Assembly  with  cables  in  place,  HP-8D  trans¬ 
ducer. 


blocking  in  a  cable  composed  of  53  pairs.  Two  cables 
were  used  for  FIP-8D  No.  2  totaling  106  pairs,  96  be¬ 
ing  reejuired  and  10  being  spares. 

Considerable  experience  which  had  been  gained  in 
developing  cables  for  HP-3DS  was  used  in  evolving 
cable  specifications  for  HP-8D  No.  2.  The  first  experi¬ 
mental  cable  (see  Figure  39)  was  too  large  and  stiff, 
being  covered  with  a  fire  hose,  and  was  not  blocked. 
The  second  experimental  cable  used  the  Navy  Type 
TTHFA-50  (two  sections)  with  suitable  blocking 
at  the  ends,1 41 A-  but  was  too  stiff. 

The  first  lot  of  cable  delivered  by  the  Collyer  Wire 
and  Cable  Company38-3**  was  satisfactory  except  for 
incomplete  blocking.43  This  difficulty  was  remedied 
in  the  cable  of  later  deliveries.3** 


6.s.3  HP-5  Transducer,  Modified 

The  transducer  for  the  azimuth-scanning  portion 
of  integrated  Type  B  sonar  was  a  modified  HP-5 
transducer.  The  changes  were  entirely  mechanical; 
the  same  acoustic  properties  were  maintained  as  those 


Modified  Special  HP”5 

end  cap 


Woterseo) 


Fic.urk  53.  Mounting  means  for  tests  of  Ft F-81)  No.  2 
transducer. 
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Figure  54.  Modifications  in  spool  of  HP-5  transducer. 


of  the  standard  HP-5  transducer  which  is  discussed  in 
Chapter  5  and  in  the  transducer  report.31  There  were 
two  primary  mechanical  modifications,  (1)  a  change 
in  the  spool  that  supported  the  transducer  elements, 
and  (2)  a  change  in  the  bottom  end  cap. 

The  spool  had  to  be  made  stronger  by  increasing 
the  wall  thickness  50  per  cent  to  take  the  strain  of  the 
HP-8D  transducer  suspended  from  it.  The  partition 
across  the  spool  holding  the  cable  seals  was  moved 
from  near  the  bottom  of  the  spool  to  near  the  top. 
This  was  done  to  accommodate  the  cable  ducts  from 
the  HP-8D  transducer,  which  were,  of  necessity, 
brought  through  the  spool  of  the  HP-5  transducer. 
Because  of  dimensional  limitations  in  this  partition, 
which  in  the  modified  form  held  seals  for  three  cables 
(two  from  HP-8D  and  one  from  HP-5),  the  original 
HP-5  cable  pothead  was  changed  to  a  standard  cable 
gland.  Access  to  the  duct  and  cable  glands  was  facili¬ 
tated  by  the  new  location  of  the  partition.  Figure  54 
is  a  drawing  showing  the  various  changes  made  in  the 
spool. 
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Figure  55.  Cover  casting,  HP-8D  transducer. 
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In  the  standard  model  of  the  HP-5,  the  bottom  end 
cap  was  a  solid  piece,  with  a  removable  waterscal 
around  the  outside  for  servicing  the  cable  connec¬ 
tions.  In  the  modified  model  the  cap  was  changed  to 
have  a  double-yoke  construction  extending  down¬ 
ward  and  ending  in  flanges  which  met  the  mounting 
flanges  for  the  HP-81).  The  end  cap  was  strengthened 
by  the  addition  of  ribs  to  carry  the  strain  of  the  HP- 
81)  transducer  suspended  from  it.  Figure  55  shows  the 
various  changes  made  in  the  end  cap. 

The  problem  of  providing  sufficient  strength  to 
support  the  combination  of  HP-81)  and  HP-5  trans¬ 
ducers  was  considered  in  some  detail.  On  the  ship  on 
which  the  units  were  mounted,  results  were  com¬ 
puted  for  the  worst  possible  case,  assuming  that  90 
per  cent  of  the  strain  occurred  because  of  a  roll  of  45 
degrees  from  center  with  a  total  period  of  eight  sec¬ 
onds,  and  that  the  other  10  per  cent  was  caused  by 
pitch.  On  this  basis,  the  present  designs  for  the  HP- 
8D  and  the  modification  of  HP-5  were  suitable.  The 
resulting  design  was  forwarded  to  the  Bureau  of  Ships 
and  approval  obtained  for  mounting  such  a  com¬ 
bined  unit  on  a  QC  J-8  hoist-train  shaft  on  the  USS 
Babbitt. 

When  the  first  model  of  HP-5  properly  modified 
for  use  in  the  integrated  Type  B  sonar  was  tested," 
it  was  found  to  be  similar  in  performance  to  previous 
models  of  HP-5  with  the  normal  end  cap.  Maximum 
variations  in  directional  patterns  were  found  to  be 
within  a  3-db  band  at  25.5  kc.  The  maximum  varia¬ 
tion  in  resonance  frequency  for  the  various  elements 
in  the  transducer  was  found  to  be  ±0.12  kc,  about 
an  average  of  25.785  kc.  Extreme  values  of  ()  were 
10.5  and  12.9,  representing  a  variation  of  ±1.2.  Ex¬ 
treme  Tallies  of  sensitivity  of  —83.0  and  —81.5  db 
(v/b)  represented  a  ±  1  db  (v/b)  variation.  This 
performance  was  considered  to  be  entirely  adequate 
in  the  light  of  experience  with  the  previous  HP-5 
transducers  and  their  operation  in  the  XQHA  scan¬ 
ning  sonar. 


6*  COMMUTATORS 

6-4-'  Commutator  for  26-kc 

Depth-Scanning  Sonar 

The  three  commutators  used  in  the  20-kc  depth¬ 
scanning  sonar  were  the  Model  5  18-element  cylin¬ 
drical  glass  plate  units.  The  mechanical  design  is  de¬ 
scribed  in  Chapter  5.  A  photograph  of  the  one  com- 
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En.uki:  50.  Phase  shift  curve.  Audio  Development  Com¬ 
pany  transformer  No.  A  3770. 

mutator  unit  (Figure  fil  in  Chapter  5)  shows  the  man¬ 
ner  in  which  the  transformers  and  cabling  were  ar¬ 
ranged. 

The  48  transformers  used  on  each  commutator 
were  selected  for  as  nearly  identical  phase  shift  and 
voltage  ratio  characteristics  as  possible.  In  selecting 
a  set  for  any  one  commutator,  the  phase  shift  was  held 
to  within  ±1  degree  of  a  mean  value,  which  was 
about  14  degrees  at  2fi  kc.  The  transformers  used  on 
the  difference-listening  commutator  were  Audio  De¬ 
velopment  Type  A  4870,  which  has  an  impedance 
ratio  of  50  to  50,000  ohms.  The  phase-shift  frequency 
characteristic  of  Type  A  3770,  which  is  identical  to 
Type  A  4870  except  for  absence  of  the  center  tap,  is 
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Fiourf.  57.  Lag  line  and  container,  partially  assembled, 
commutator  for  20-kc  DSS. 
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shown  in  Figure  56.  Audio  Development  Type  A 
4567,  hav  ing  an  impedance  ratio  of  25  to  50,000  ohms, 
was  used  on  the  scanning  and  sum-listening  commu¬ 
tators. 

Connections  from  20  of  the  48  rotor  plates  were 
made  to  the  feed-in  points  on  the  beam-forming  lag 
line  through  resistor  networks,  while  the  remaining 
28  rotor  plates  were  connected  to  signal  ground 
through  50,000-ohm  resistors.  All  lag  line  compo¬ 
nents  were  enclosed  in  an  aluminum  container  placed 
within  the  rotor.  Photographs  of  the  assembly  are 
shown  in  Figure  57  and  in  Chapter  5,  Figure  60.  The 
lag  line  output  was  brought  out  of  the  rotor  through 
a  pair  of  slip  rings  and  brushes  to  the  preamplifier.  A 
third  slip-ring  assembly  furnished  a  means  of  directly 
grounding  the  lag  line  container  to  the  commutator 
frame  to  reduce  bearing  noise  as  there  was  no  elec¬ 
trical  connection  inside  the  rotor  between  the  signal 
ground  and  the  container  shield.  Figure  58  shows  the 
electrical  circuit  arrangement  between  the  rotor 
plates  and  the  lag  line.  For  the  sake  of  clarity,  con¬ 
nections  between  rotor  plates  5,5  and  the  feed-in 
points  5,5  and  those  of  higher  numbered  points,  are 
not  drawn.  Values  of  the  circuit  components  are  indi¬ 
cated  in  this  figure. 

The  beam-forming  lag  line  consisted  of  a  number 
of  low-pass  T  sections  of  the  type  shown  in  Figure  59. 
The  series  arm  of  the  T  consisted  of  the  two  halves  of 
a  toroidally  wound  coil-connected  series  aiding.  The 
shunt  arm  of  the  T  was  the  capacitance  C.  'I'hc  phase 
shift  of  such  a  section  is  practically  a  linear  function 
of  frequency  over  a  wide  frequency  range.  This  line¬ 
arity  is  achieved  to  a  considerable  degree  by  the  cfTect 
of  the  distributed  capacitance  between  the  halves  of 
the  coil,  although  it  is  not  critically  dependent  upon 
the  value  of  this  distributed  capacitance. 

Each  coil  half  was  trimmed  to  within  1  per  cent  of 
the  specified  inductance  at  the  operating  frequency 
of  the  system;  the  capacitors  were  selected  to  within  1 
per  cent  of  their  specified  values.  'Flic  line  was  ter¬ 
minated  at  both  ends  by  resistors  whose  values  gave 
smooth-line  operation  when  the  attenuating  resistor 
networks  and  the  equivalent  transducer-element  im¬ 
pedances  were  bridged  across  the  line.  Figure  60 
shows  the  curve  of  signal  amplitude  along  the  line 
when  fed  from  the  “head  end”  (at  Rs  in  Figure  58). 

Lag  Line  Design  Procedure 

The  filter  section  (Figure  59)  is  a  bridgcd-T  type 
(see  Chapter  9).  If,  in  designing  the  line,  the  paramc- 
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Fiuurk  59.  Low-pass  T  section  for  lag  line,  2f>-kc  DSS. 


ters  arc  selected  so  that  C.  is  large  compared  to  the  dis¬ 
tributed  capacitance  C ,  then  calculations  for  a  mid- 
series  «i -derived  section  with 


m 


can  be  used  with  negligible  error. 

The  equations  for  the  wi-derived  section  (Figure 
61)  in  terms  of  the  parameters  of  its  constant-/;  proto¬ 
type  are: 


C-,  =  mC.,p;  where  m  =  Vl  -  (/,.//)2; 


fc  being  the  cutoff  frequency  equal  to  -(/_lp  C^)-1/2. 

Assuming  zero  attenuation,  the  phase  shift  in  the  pass 
band  is 


niL 


Fioiirk  GO.  Amplitude  curve  of  lag  line,  26-kc  DSS;  atten¬ 
uation  network  and  loading  resistors  connected  to  line 
fecd-in  points. 
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Figure  61.  m-derived  lag  line  section,  26-kc  DSS. 


Figure  62.  Equivalent  circuit  of  lag  line  section,  26-kc 
DSS. 


where  /M  =  frequency  at  which  the  attenuation  is 
extremely  high, 

and  /  =  operating  frequency. 

Suppose  each  half  of  a  coil  used  as  the  series  arm  in 
a  T  filter  section  has  a  self-inductance  L,  and  the 
coupling  coefficient  between  the  halves  is  k.  If  the 
coil  halves  are  connected  series  aiding,  then  the  equi¬ 
valent  circuit  is  that  shown  in  Figure  62.  Comparing 
this  circuit  with  that  in  Figure  61,  it  may  be  seen  that 
the  former  is  a  series  m-derived  type,  having 

L(  1  +  k)  =  mLlp;  -Lk  =  (L=^Llp; 


C  =  mC2p;  giving  m  = 


The  cutoff  frequency  in  terms  of  the  phase  shift 
angle  ft,  m,  and  the  operating  frequency  /  is 


If  the  image  impedance  of  the  line  is  R0,  then 

T  =  (ra2  +  I)  R0.  c  _  m  . 

4 m  nfa  ’  Ttfc  R0  ’ 

The  last  four  equations  are  used  in  designing  a  filter 
section  to  give  the  required  phase  shift.  In  using  these 
equations  a  value  of  k  is  assumed,  and  a  preliminary 
measurement  of  several  toroidal  coils  is  made  to 
check  its  probable  value.  The  coupling  coefficient  of 
the  Western  Electric  Company  toroids,  used  in  the 
commutator  lag  lines,  varies  between  0.83  and  0.93. 
Fortunately,  any  value  of  k  between  these  limits  af¬ 
fects  only  slightly  the  values  of  L  and  C  necessary  to 
give  a  desired  phase  shift.  Further  discussion  of  this 
type  of  filter  section  is  given  in  Chapter  9. 

With  the  depth  transducer  having  a  ka  of  32  at  the 
operating  frequency  of  26  kc,  the  phase  lags  necessary 
to  give  a  narrow  beam  pattern,  measured  from  the 
head  end  of  the  line  to  each  successive  injection 
point,  are  given  in  the  first  row  of  Table  4.  These  are 
calculated  from  the  equations  given  in  Chapter  9 
under  ER  lead  line  design. 


Table  4.  Phase  Lag  Values  of  26-kc  Depth  Transducer. 


Injection  Point 

LI 

2,2 

3,3 

4,4 

5,5 

6,6 

7,7 

8,8 

9,9 

10,10 

Phase  Lags  (^g) 

0° 

17.6° 

52.8° 

104° 

174° 

258" 

358° 

471° 

594° 

725° 

Scanning  Commutator 

Lag  Line  (/?) 

0° 

17.1° 

51.2° 

107° 

179° 

264° 

361° 

4740 

593° 

731° 

Sum-Listening  Commutator 

Lag  Line  (p) 

0° 

17.3° 

50.0° 

103° 

174° 

262° 

358° 

474° 

592° 

730° 

Difference-Listening  Commutator 
Lag  Line  (ft) 

0° 

16.5° 

51.3° 

106° 

175° 

261° 

Os 

04 

o 

4740 

591° 

728° 
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The  values  given  in  the  second,  third,  and  fourth 
rows  were  obtained  by  use  of  a  13-section  lag  line 
using  four  different  sized  filter  sections.  They  were 
measured  with  the  attenuating  resistor  networks 
bridged  across  the  line.  Table  5  gives  the  pertinent 
design  data  on  the  lines  used  in  the  three  commu¬ 
tator  units. 


Table  5.  Design  Data  of  I.ag  Lines  in  Commutators 
(Scanning,  Sum  and  Difference). 


Section 

No. 

Phase  Shift 
Per  Section 
(in  degrees) 

I. 

(in  mb) 

C. 

(in 

WE  Coil  Used 

1.2,3 

35.2 

9.9 

390 

I)- 122802 

4,5 

46.0 

13.3 

520 

D- 122802 

6,7,8 

64 

19.5 

760 

D  -122803 

9,10.11 

80 

26.1 

1020 

D-122803 

12,13 

64 

19.5 

760 

D- 122802 

Signals  from  the  various  transducer  elements  were 
attenuated  by  the  series  resistors  between  the  rotor 
plates  and  injection  points  on  the  lag  line.  The  re¬ 
quired  amplitude  at  each  point,  stated  as  a  fraction 
of  the  first  amplitude,  is  given  in  the  first  row  of 
Table  6. 

Table  6.  Signal  Amplitude  Values  on  I.ag  I.inc  of  26-kc 
Transducer. 


Injection 

Point  I  2  3  1  5  6  7  8  9  10 


SignalValucwith 
respect  to  that  at 
point  1  (theoreti¬ 
cal)  . 1.0 

Values  obtained 
in  Scanning 
Commutator  .1.0 
Values  obtained 
in  Sum-Listening 
Commutator  . 

Values  obtained 
in  Difference- 
Listening  Com¬ 
mutator  .... 


.975  .915  .811  .75 

.95  .91  .83  .75 


.65  .51  .45  .35  .27 

.66  .52  .48  .31  .260 

.66  .56  .15  .35  .271 

.65  .58  .45  .36  .28 


1.0  .97  .91  .81  .74 


1.0  .97  .89  .88  .74 


The  remaining  rotes  give  the  values  obtained  in  the 
three  lag  line  assemblies.  The  approximate  values  of 
the  series  resistors  can  be  calculated  in  the  same  man¬ 
ner  that  resistors  in  a  voltage  divider  would  be  deter¬ 
mined  if  the  signal  loss  along  the  lag  line  were  taken 
into  account. 


Determination  of  Shading  Resistors 

Referring  to  the  circuit  in  Figure  63,  let  it  be  as¬ 
sumed  that  the  resistive  load  on  the  lag  line  side  of 
the  rotor  plate  is  to  be  Rc.  This  must  be  the  same  for 
all  rotor  plates,  whether  they  are  connected  to  the 
line  or  terminated  in  series  resistors  to  ground.  If  they 
arc  grounded,  shunt  resistors  are  needed  in  addition 
to  the  series  units. 

Let  a„  =  the  required  signal  amplitude  at  nth  in¬ 
jection  point  as  a  fraction  of  that  at  the 
first,  assuming  there  is  no  lag  line  loss. 
(Values  given  in  Table  6.) 

Let  /„  =  the  signal  amplitude  at  nth  injection  point 
as  a  fraction  of  the  head  end  amplitude 
when  a  signal  is  fed  into  this  end  of  the 
line  (ordinate  of  curve  in  Figure  60.)  Then 
for  the  nth  feed- in  channel  the  series  re¬ 
sistance  is 


Rn'  = 


A. 

aJn 


The  shunt  resistance  is 


R,,''  = 


Rc 

1  -  aJn 


As  the  calculations  arc  dependent  on  one  or  two 
trials  may  be  necessary  to  evaluate  correctly  the  value 
of  I„.  To  check  its  value,  the  bridging  resistance 
should  be  calculated  for  the  various  injection  points. 
These  values  should  be  connected  across  the  line,  and 
the  values  of  l„  should  be  determined  experimentally. 
As  used,  the  bridging  resistance  is  that  resistance 
which  the  attenuating  network  and  the  transducer 
impedance  effectively  shunt  across  the  line  at  the 
feed-in  point.  The  approximate  value  of  this  resist¬ 
ance  at  the  tith  injection  point  is 


R„  = 


2R, 


2a„ln  — 


if 


>>  Re. 


If  the  line  is  doubly  fed;  that  is,  if  the  signals  from 
a  pair  of  rotor  plates  are  fed  into  the  same  injec¬ 
tion  point,  R„  is  half  the  value  given  by  the  above 
equation. 

The  output  signal  was  fed  through  the  slip  ring 
and  brush  assembly  directly  into  the  preamplifier. 
The  bus  to  which  one  end  of  each  transformer  secon¬ 
dary  was  connected,  the  shield  ground,  and  the  lag 


CONFIDENTIAL 


COMMUTATORS 


257 


line  signal  ground  were  all  tied  together  at  the  input 
ground  terminal  on  the  preamplifier.  A  schematic 
wiring  diagram  of  the  latter  unit  and  its  power  sup¬ 
ply  are  shown  in  Figures  64  and  65.  The  characteris¬ 
tics  of  its  band-pass  filter  are  discussed  in  Section  6.6 
on  receivers.  A  wiring  diagram  of  the  service  connec¬ 
tions  on  the  commutator  frame  is  given  in  Figure  66. 
All  electric  connections  to  each  commutator  unit 
were  made  detachable  by  use  of  A-N  cable  connec¬ 
tors.  It  should  be  pointed  out  that  as  far  as  the  syn¬ 
chro  generator,  servo  motor,  driving  motor,  pream¬ 
plifier,  etc.,  are  concerned,  all  three  commutator 
units  were  identically  wired. 

The  three  commutator  units  and  the  junction  box 
were  mounted  tierwise  in  a  rack  (shown  in  Figure  41). 
The  junction  box  was  placed  at  the  top  of  the  rack 
with  the  difference-listening,  sum-listening,  and  scan¬ 
ning  commutators  underneath,  in  the  order  listed. 


Contacts  oo  Stnd-Rte«iv«  Relay 
Closed  During  Reception: 


Figure  64.  Wiring  diagram  for  preamplifier,  26-kc 
DSS. 


A  chassis  (not  shown  in  the  picture) ,  mounting  the 
two  servo  amplifiers  for  the  servo  motors  on  the  listen¬ 
ing  commutators,  was  located  between  the  two  listen¬ 
ing  commutators.  This  chassis  also  contained  a  phase- 
correction  servo  unit  which  introduced  stabilization 
into  the  scanning  spiral-sweep  circuit. 

Although  design  characteristics  of  the  transducer 
used  on  this  system  were  those  of  one  having  64  ele¬ 
ments,  only  48  elements  encompassing  270  degrees 
were  mounted.  As  previously  pointed  out,  signals 
from  these  elements  were  fed  to  the  48  stator  plates  of 
the  scanning  commutator.  When  the  commutator 
and  its  directly  connected  sweep  generator  rotated  at 
uniform  speed,  the  deflection  coils  of  the  EPI  were 
supplied  with  sweep  currents  which  moved  the  spot 
around  through  360  degrees  for  360  degrees  rotation 
of  the  commutator  rotor,  whereas,  in  the  same  time, 
the  scanning  beam  actually  moved  only  270  degrees 


V20I  10  Wall  Resistors 


Figure  65.  Schematic  diagram  of  power  supply  for  pre¬ 
amplifier,  26-kc  DSS. 
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F'igurk  66.  Service  wiring,  commutator  frame.  26-kc  I)SS. 


around  the  transducer.  Consequently,  90  degrees  of 
true  depression  angle  was  pictured  on  the  EPI  as  an 
angle  of  120  degrees  (see  Section  6.4.2  of  this  chapter). 

Several  schemes  for  correcting  or  orthogonalizing 
the  screen  display  were  considered  and  tried.1’’"1 


However,  in  using  the  48-elemcnt  scanning  commuta¬ 
tor,  no  simple  means  of  correction  was  found,  so  that 
it  was  decided  to  use  a  64-element  commutator  for  the 


Figure  67.  Pattern  taken  with  artificial  transducer  on 
DSS  scanning  commutator,  frequency  of  26  kc,  position 

1,1. 


Figure  68.  Pattern  taken  with  artificial  transducer  on 
I)SS  sum  listening  commutator,  frequency  of  26  kc,  posi¬ 
tion  1,1. 
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Figure  69.  Pattern  taken  with  artificial  transducer  on 
DSS  difference  listening  commutator,  frequency  of  26  kc, 
position  1,1. 


depth-scanning  unit  in  the  final  design  for  integrated 
Type  B  sonar. 

Figures  67,  68,  69  show  representative  patterns  ob¬ 
tained  with  the  three  commutators  using  an  artificial 
transducer  (see  Chapter  8).  Each  commutator  was 
given  an  extensive  series  of  pattern  tests.  This  in¬ 
volved  the  taking  of  a  series  of  beam  patterns  with 
the  effective  head-on  element  of  the  artificial  trans¬ 
ducer  connected  in  turn  to  each  one  of  the  48  stator 
plates  of  the  commutator.  This  was  accomplished  by 
use  of  a  96-pole  48-position  rotatable  switch  connect¬ 
ed  into  the  system  between  the  commutator  input  ter¬ 
minals  and  the  artificial  transducer.  Although  con¬ 
struction  details  of  all  three  were  essentially  the  same, 
the  patterns  obtained  on  the  scanning  commutator  in 
general  did  not  show  the  uniformity  which  character¬ 
ized  those  of  the  two  listening  units.47 

The  width  of  the  major  lobe  in  the  pattern  of  the 
scanning  unit  varied  from  12  to  20  degrees  at  the  10- 
db  down  point  as  the  transducer  was  rotated.  The 
major  lobes  of  the  listening  commutators  remained 
generally  at  a  constant  width  of  IB  degrees. 

6-4-2  Commutators  for  38-kc  Depth-Scanning 
Portion  of  Integrated  Type  B  Sonar 

The  38-kc  vertical-scanning  commutators  to  be 
used  in  integrated  Type  B  sonar  were  made  by  the 
Sangamo  Electric  Company  and  were  similar  to  those 


used  in  the  Model  XQHA  scanning  sonar.01  A  photo¬ 
graph  of  the  scanning  unit  is  shown  in  Figure  70. 

The  beam-forming  lag  line  was  located  in  a  cast 
aluminum  cylindrical  dish  bolted  to  the  flange  which 
mounted  the  rotor  plate.  The  rotor  conducting  seg¬ 
ments  were  connected  to  the  lag  line  by  short  pin  con¬ 
nectors  in  a  manner  identical  with  that  used  to  con¬ 
nect  the  stator  plate  and  the  input  transformers.  Sig¬ 
nals  from  22  rotor  segments  were  fed  into  the  lag  line, 
and  the  other  26  segments  were  grounded  through 
53,000-ohm  resistors. 

The  output  of  the  lag  line  was  connected  to  silver 
slip  rings  mounted  on  the  shaft  by  means  of  suitable 
insulators.  Carbon-silver  brush  members  inserted 
through  the  rear  wall  of  the  front  end  bell  engaged 
the  slip  rings.  A  shielded  cable  connected  the  brushes 
to  a  preamplifier  which  was  mounted  on  the  cradle 
frame. 

The  commutator  shaft  was  gear-driven  at  a  2-to-l 
reduction  by  a  3,500-rpm  1/20-hp  induction  motor. 
The  drive  was  made  through  helical  gears  to  insure 
smoothness  of  rotation  and  reduction  of  noise.  A  5 
HCT  synchro-control  transformer  was  driven  by  the 
large  gear  on  the  commutator  shaft  at  rotor  shaft 
speed  to  serve  as  the  sweep  generator  providing  a  3- 
phase  voltage  of  a  frequency  identical  with  the  angu¬ 
lar  speed  of  the  commutator  rotor.  The  output  of  this 
generator  was  to  furnish  the  spiral  sweep  for  the  EPI 
scope.  Both  motor  and  control  transformers  were 
mounted  in  a  cast  plate  which  was  doweled  and  bolt¬ 
ed  to  the  front  end  bell. 

The  construction  of  the  listening  commutator  was 
identical  to  that  of  the  scanning  unit,  except  for  the 
method  of  rotor  drive.  The  front  end  plate  of  this 
unit  was  replaced  by  one  on  which  were  mounted  two 
synchro-control  transformers  and  a  2-phase  1,800- 
rpm  servo  motor.  This  servo  motor  was  fastened  to  a 
gear  casing  which  was  mounted  to  the  end  plate.  The 
total  reduction  from  the  motor  to  the  helical  pinion, 
which  drove  the  rotor  gear,  was  204:1.  The  two  syn¬ 
chro-control  transformers  were  2-speed  and  36-speed 
units.  The  gear  ratios  between  these  and  the  commu¬ 
tator  rotor  shaft  were  such  that  one  complete  revolu¬ 
tion  of  the  rotor  resulted  in  I14  revolutions  of  the  2- 
speed  CT  and  27  revolutions  of  the  36-speed  CT.  The 
reason  for  this  unusual  gearing  was  that  48-element 
commutators  were  used  in  conjunction  with  what 
was  in  effect  a  64-element  transducer. 

When  describing  the  26-kc  DSS  commutators  it  was 
mentioned  that  successful  orthogonalization  of  the 
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EPI  scope  (line  representation  of  depth  depression 
angle)  could  not  he  obtained  satisfactorily  by  artifi¬ 
cial  means.  As  the  first  38-kc  commutators  were  or¬ 
dered  from  the  Sangamo  Electric  Company  prior  to 


installation  of  the  trial  depth-scanning  system,  and  at 
that  time  orthogonalization  seemed  possible,  a  48- 
clement  commutator  for  the  scanning  unit  was  re¬ 
quested.  But,  in  view  of  subsequent  investigation,46  a 


I'K.i  kk  "0.  Sangamo  Electric  Company  commutator  for  integrated  Type  li  sonar. 
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Figure  71.  Schematic  diagram  of  40-kc  lag  line,  ka  —  32,  integrated  Type  B  sonar/ 


64-element  commutator  was  ordered,  by  which  a  true 
depression  angle  on  the  EPI  screen  was  automatically 
obtained.  The  listening  commutators  continued  to 
be  48-element  units,  since  correction  of  their  angular 
position  could  be  made  by  proper  gear  ratios  between 
their  synchro-control  transformers  and  the  rotors. 
Proper  initial  alignment  is  to  be  facilitated  by  provi¬ 
sion  of  an  index  mark  on  the  rotor  gear  which  is  to 
be  visible  from  the  front  end. 

The  input  transformers  used  on  the  commutators 
were  also  made  by  Sangamo  Electric  Company.  Type 
D-871360,  having  an  impedance  ratio  of  33:50,000 
ohms,  was  used  on  the  scanning  and  sum-listening 
commutators.  A  Type  C-871351,  using  a  center- 
tapped  primary  and  having  an  impedance  ratio  of 


66:50,000  ohms,  was  used  on  the  difference-listening 
unit.  In  selecting  a  set  of  48  transformers  for  any  one 
commutator,  the  phase  shift  was  held  to  within  ±1 
degree  of  a  mean  value,  approximately  10  degrees  at 
38  kc. 

The  beam-forming  lag  line  used  in  each  of  the  com¬ 
mutators  was  of  the  same  type  as  that  used  in  the  26- 
kc  system  (see  beginning  of  this  section).  The  elec¬ 
trical  connections  between  rotor  segments  and  the  lag 
line  were  similar  to  those  shown  in  Figure  58,  except 
that  signals  from  22  rotor  segments  were  fed  into  the 
lag  line  instead  of  20.  This  number  was  increased  in 
an  attempt  to  reduce  the  minor  lobes  in  the  beam 
pattern. 

The  lag  line  used  in  the  first  48-element  scanning 


Table  7.  Phase  Lag  Values  of  40-kc  Transducer  {ka  =  32). 


Injection  Point 

1,1 

2,2 

3,3 

4,4 

5,5 

6,6 

7,7 

8,8 

9,9 

10,10 

11,11 

Phase  Lag  (ft)  Desired 

(in  degrees) 

0 

17.6 

52.8 

104 

174 

258 

358 

471 

594 

725 

870 

Value  of  (y3)  Measured 

(in  degrees) 

0 

17.3 

51.4 

103 

174 

263 

364 

477 

604 

748 

892 
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Tahi.t.  8.  Signal  Amplitude  Values  of  10-kc  Transducer  (kn  =  32). 


Injection  Point 

1.1 

2,2 

3,3 

1,1 

5,5 

0,0 

7,7 

8.8  9,9 

10.10 

11,11 

Signal  Value 
Desired 

1.0 

.975 

.915 

.811 

.75 

.05 

.51 

.15  .35 

.273 

.20 

Value 

Measured 

1.0 

.975 

.89 

.82 

.70 

.03 

.535 

.'15  .35 

.205 

.205 

commutator  was  designed  to  meet  the  phasing  re¬ 
quirements  of  a  10-kc  transducer  having  a  kn  =  32. 
It  was  a  19-section  line  using  four  sizes  of  filter  sec¬ 
tion  and  having  an  image  impedance  of  7,000  ohms. 
Other  data  relative  to  its  design  arc  given  in  the  wir¬ 
ing  diagram  shown  in  Figure  71. 

The  phase  lags  necessary  to  give  a  narrow  beam  pat¬ 
tern  for  kn  =  32  at  10  kc,  measured  from  the  head 
end  of  the  line  to  each  successive  injection  point,  arc 
given  in  the  first  row  of  Table  7.  Values  quoted  in  the 
second  row  are  those  measured  with  the  lag  line  as¬ 
sembled  and  with  attenuating  resistor  networks  at¬ 
tached. 

The  required  signal  amplitude  at  each  injection 


point,  stated  as  a  fraction  of  that  at  the  first  injection 
point,  is  given  in  the  first  row  of  Table  8.  The  second 
row  gives  the  values  obtained  on  the  assembled  line. 

Tests  made  on  magnetostriction  cylindrical  trans¬ 
ducers,  particularly  the  26-kc  depth-scanning  unit 
HP-3DS,  showed  that  the  effective  diameter  of  such 
a  transducer  was  larger  than  its  actual  diameter.  In 
the  case  of  the  FIP-3DS  this  was  approximately  an  1 1- 
per  cent  increase  in  its  apparent  acoustic  diameter. 
Consequently  it  seemed  advisable  to  anticipate  this 
phenomenon  by  designing  the  lag  lines  for  the  two 
depth-listening  commutators  to  meet  the  phasing  re¬ 
quirements  of  a  transducer  having  an  apparent  kn  — 
36  at  40  kc.  Figure  72  gives  the  design  data  for  the 
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Fir.uRE  72.  Schematic  diagram  of  40-kc  lag  line,  kn  =  30,  integrated  type  B  sonar. 
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Table  9.  Phase  Lag  Values  of  40-kc  Transducer  ( ka  —  36). 


Injection  Point 

1,1 

2,2 

3,3 

4,4 

5,5 

6,6 

7,7 

8,8 

9,9 

10,10 

11,11 

Phase  Lag  (ft)  Required 

0 

19.8° 

59.4° 

118° 

195° 

291° 

O 

Tt4 

o 

Tfi 

531° 

668° 

819° 

982° 

Value  of  (j3)  Obtained, 
Sum-Listening 

0 

21.5° 

62.0° 

116° 

198° 

291° 

408° 

535° 

675° 

825° 

1008° 

Value  of  (ft)  Obtained, 
Diff-Listening 

0 

20.5° 

61.5° 

118° 

200° 

289° 

406° 

528° 

661° 

815° 

1012° 

second  and  third  lag  lines.  These  lines  were  designed 
to  have  the  same  image  impedance  as  that  of  the  first 
design;  that  is,  7,000  ohms.  The  phase  lags  necessary 
to  give  narrow  beam  patterns,  as  calculated  from  the¬ 
ory,  are  given  in  Table  9  in  the  first  row.  The 
second  and  third  rows  also  give  the  values  obtained 
with  each  line  assembled  in  its  shield  container  and 
with  the  attenuating  networks  connected. 

The  preamplifier  used  on  each  commutator  was  a 
3-stage  unit  employing  Type  6SG7  and  6SL7  tubes.  A 
schematic  wiring  diagram  of  the  circuit  is  given  in 
Figure  73.  Voltage  gain  from  input  to  output  of  the 
cathode  follower  stage  was  approximately  33  db,  with 
about  18  db  of  negative  feedback  between  the  triode 
and  the  pentode  stages.  Both  the  amplifier  and  its 
power  supply  were  located  on  one  chassis,  which  was 
mounted  in  an  inverted  manner  on  vibration  insula¬ 


Ficure  73.  Preamplifier  and  power  supply  for  integrated 
Type  B  sonar. 


tors  to  the  front  end  of  the  commutator  cradle  frame. 
It  was  found  that  the  phase  shift  through  such  an  am¬ 
plifier  was  constant,  and  that  supply  voltage  varia¬ 
tions  had  negligible  effect  on  the  overall  gain.48 

The  three  commutator  units  used  for  the  vertical¬ 
scanning  portion  of  the  integrated  Type  B  sonar 
were  located  in  pne  rack  with  the  associated  junction 
box.  Each  unit,  including  the  junction  box,  was  de¬ 
signed  so  that  it  could  be  removed  from  the  rack  with 
minimum  effort. 

Representative  patterns  obtained  on  the  three 
depth-scanning  commutators  are  shown  in  Figures 
74,  75,  and  76.  These  patterns  were  taken  with  two 
artificial  transducers  for  use  at  40  kc,  one  having  an 
effective  ka  of  32  and  the  other  having  an  effective 
ka  of  36.  In  each  case  the  actual  beam  width  was  4/3 
of  that  indicated. 


Figure  74.  Pattern  taken  with  artificial  transducer  (ka  = 
32)  on  scanning  commutator,  Sangamo  No.  9,  position 
1,1,  integrated  Type  B  sonar. 
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6-4-3  Commutators  for  26-kc  Azimuth- 
Scanning  Portion  of  Integrated 
Type  B  Sonar 

The  2C>-kc  azimuth-scanning  portion  of  the  inte¬ 
grated  Type  If  sonar  utilizes  one  high-speed  scanning 
commutator  and  two  stationary  beam-forming  lag 
lines.  Since  the  transducer  is  mounted  on  a  hoist- 
train  shaft  that  is  trained  in  azimuth,  rotatable  listen¬ 
ing  commutators  arc  not  needed  to  direct  the  listen¬ 
ing  beam  in  the  horizontal  plane.  Figure  77  shows  the 
circuit  connections  of  the  azimuth  section  from  trans¬ 
ducer  to  commutators. 

The  scanning  commutator  was  made  by  the  San- 
gamo  Electric  Company  and  is  identical  with  that 
used  in  the  Model  XOHA  scanning  sonar.  Its  me¬ 
chanical  design  and  method  of  drive  arc  the  same  as 
those  of  the  vertical-scanning  unit  shown  in  Figure 
70.  The  lag  line  is  the  same  as  that  used  in  the  Model 
XQHA  scanning  sonar  gear.  It  is  a  double  lag  line; 
one  line  is  fed  with  signals  from  transducer  elements 
on  the  right  side,  the  other  with  signals  from  the  left 
side  of  the  head-on  bearing  point.  The  output  ends  of 
the  two  lag  lines  arc  terminated  on  each  other  with 
output  signal  leads  connected  to  their  common  junc¬ 
tion  points.  A  wiring  diagram  of  this  line  is  shown  in 
Figure  78.  Sixteen  active  rotor  segments  arc  used  to 
introduce  the  echo  signals  into  the  lag  line,  while  the 


Figure  75.  Pattern  taken  with  artificial  transducer  (ka  = 
36)  on  sum  listening  commutator,  Sangamo  No.  10,  posi¬ 
tion  1,1,  integrated  Type  15  sonar. 


other  32  segments  arc  terminated  through  50,000- 
ohm  resistors  to  ground.  The  commutator  is  mounted 
on  vibration  insulators  in  a  cradle  frame  similar  to 
that  used  to  hold  the  vertical-scanning  units.  The  pre¬ 
amplifier  is  identical  with  the  one  described  in  Sec¬ 
tion  6.4.2,  and  is  fastened  to  the  frame  in  the  same 
manner.  The  48  twisted  pair  connections  from  the  in¬ 
put  transformer  primaries  arc  brought  around  to  ter¬ 
minal  boards  located  on  each  side  of  the  commutator 
assembly. 

The  stationary  listening  lag  line  unit  utilizes  the 
transformer  ring  assembly  and  lag  line  assembly  of 
the  Sangamo  XQFIA  commutator.  The  two  lines 
have  the  same  input  circuit  connections  as  the  high¬ 
speed  scanning  unit,  where  signals  from  one  side  of 
the  transducer  head-on  point  are  fed  into  one  line, 
while  signals  from  the  other  side  arc  fed  into  the 
other  line.  However,  to  secure  right  and  left  output 
channels,  the  two  lag  lines  are  terminated  separately 
by  resistances  to  give  smooth-line  operation.  Each 
channel  is  fed  into  a  separate  preamplifier.  After  com¬ 
ing  out  of  the  two  preamplifiers,  the  right  and  left 
channels  are  combined  (Figure  77)  to  give  the  sum- 
and-dilfercnce  output  signals  that  arc  introduced  into 
the  bearing  deviation  indicator  listening  receiver. 
'Ibis  is  done  in  order  that  the  same  type  of  input 
circuit  can  be  available  when  the  single  bearing 
deviation  indicator  listening  receiver  is  switched 


,ts  &■  0  ?l°  15°  IS' 


Figure  76.  Pattern  taken  witli  artificial  transducer  (ka  = 
36),  on  difference  listening  commutator,  Sangamo  No. 
11,  position  1,1,  integrated  Type  15  sonar. 
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from  the  38-kc  depth-scanning  system  to  the  26-kc 
azimuth-scanning  system. 

The  transformer  ring  with  its  48  transformers  and 
the  lag  line  assembly  is  bolted  onto  a  spindle  stud 
fixture  which  is  welded  to  the  cradle  frame,  while  48- 


lOO-^uf  capacitors  of  the  postage  stamp  variety  serve 
as  the  connection  links  between  transformer  secon¬ 
daries  and  the  lag  line  input  pins.  These  capacitances 
simulate  those  between  the  rotor  and  stator  segments 
in  the  regular  commutator,  insuring  proper  imped- 


Ficure  79.  Receiving  directivity  pattern  o£  26-kc  Model 
XQHA  scanning  sonar,  transducer  fixed,  commutator 
rotated. 


Figure  80.  Receiving  directivity  pattern  o£  26-kc  Model 
XQHA  scanning  sonar,  commutator  fixed  in  register 
position,  transducer  rotated. 
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Fiu’RK  81.  Indicators  for  26-kc  depth-scanning  sonar. 


ance  matching  in  the  input  circuits.  As  in  the  other 
units,  the  48  twisted  pairs  from  the  transformer  pri¬ 
maries  are  brought  around  to  terminal  boards  on  the 
cradle  frame.  The  input  circuits  of  the  scanning  com¬ 
mutator  and  of  the  stationary  lag  lines  arc  paralleled 
in  the  transfer  network. 

The  horizontal-scanning  commutator  and  the  sta¬ 
tionary  listening  lag  lines  unit  arc  located  in  the  azi¬ 
muth  commutator  rack  with  the  transfer  network 
(junction  box)  and  the  servo  amplifiers  for  the  verti¬ 
cal-listening  commutators.  All  cabling  to  the  rack  is 
brought  into  the  bottom  of  the  rack  in  the  same  man¬ 
ner  as  that  used  in  the  depth  rack.  Design  of  the  rack 
assembly  is  such  that  each  unit  may  be  pulled  out 
part  way  for  test,  or  removed  entirely  for  repair  or  re¬ 
placement.  The  rack  is  19  inches  square  and  about 
5  feet  high.  The  back  and  top  panels  arc  welded  to 
the  frame;  the  two  side  panels  and  the  front  panel 
are  detachable.  Two  typical  patterns  obtained  using 


similar  commutators  in  a  standard  XQHA  svstem  are 
shown  in  Figures  79  and  80. 

65  INDICATORS,  STABILIZATION,  FIRE 
CONTROL 

6,5 1  Indicators  for  26-kc  DSS 

Indicators  for  the  20-kc  depth-scanning  system  in¬ 
stalled  on  the  USS  Cythera  were  experimental  units.® 
Cathode-ray  tube  assemblies  built  for  other  purposes 
were  functionally  modified  for  this  system,  but  no  at¬ 
tempt  was  made  to  satisfy  all  operational  require¬ 
ments.  The  EPI  (see  Figure  81)  used  a  7-inch  cath¬ 
ode-ray  tube  with  its  power  supply  and  focus  and  in¬ 
tensity  controls  built  into  the  cabinet  (see  Figure  82). 
A  master  gain  control  for  the  brightening  receiver 
was  mounted  on  the  face  of  the  cabinet.  A  circular 
piece  of  Incite,  cut  as  a  gear  with  a  wire  set  from  the 
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Figure  82.  Schematic  diagram  of  EPI  26-kc  depth-scanning  sonar. 


center  to  the  rim  along  a  radius,  was  mounted  over 
the  face  of  the  tube  to  serve  as  a  cursor.  Mounted  be¬ 
low  the  cathode-ray  tube  cabinet  was  an  additional 
section  containing  two  DG  synchros  and  one  synchro 
generator  mechanically  geared  to  the  handwheel. 
The  first  DG  was  used  to  add  the  elevation  angle  to 
the  level  signal  from  the  stable  element.  The  sum  was 
then  used  as  the  director  elevation  order  to  the  trun¬ 
nion-tilt  corrector.  The  second  DG  was  used  to  ob¬ 
tain  the  difference  between  the  depression  order  and 
the  actual  depression  angle.  This  difference  was  used 
to  correct  the  scan  indication  by  positioning  a  phase- 
shifting  transformer.  The  synchro  generator  was  used 
as  a  direct  repeater  to  the  synchro  indicator  panel  for 
depression  angle. 

A  second  indicator  was  built  for  the  BDI  in  which 
a  7-inch  cathode-ray  tube  was  used  to  show  the  BDI 
deflection  (see  Figure  81) .  A  standard  high-voltage 
power  supply  and  the  standard  BDI  sweep  circuits 
(Figure  83)  were  mounted  in  the  rear  of  this  cabinet. 
An  additional  350-volt  negative  supply  for  the  BDI 
sweep  was  fed  in  from  an  external  source  (Figure  84). 
On  the  face  of  the  cabinet  there  were  four  controls— 


focus,  intensity,  master  gain  control  (for  the  BDI 
listening  receiver),  and  sweep  (range  switch).  An  ad¬ 
ditional  section  which  contained  two  DG  synchros,  a 
78-volt  transformer,  and  a  two-position  rotary  switch 
was  mounted  below  the  main  cabinet.  The  two  DG 
synchros  were  geared  to  a  handwheel  which  inserted 
the  bearing.  These  synchros  were  geared  in  the  ratio 
of  1  and  36  respectively,  and  the  first  of  these  was 
geared  36:1  to  the  handwheel.  Their  electric  outputs 
were  fed  directly  to  the  stable  element.  The  rotary 
switch  was  used  to  control  the  maintenance  of  true 
bearing  [MTB]  system:  when  the  switch  was  in  the 
true  position,  the  gyro  information  was  fed  into  the 
stator  of  the  two  DG’s;  when  in  the  relative  position, 
78  volts  was  applied  across  the  stator  windings. 

A  standard  range  recorder  was  used  in  this  first  in¬ 
stallation,  the  signal  input  being  fed  from  the  audio 
channel  of  the  BDI  listening  receiver. 

It  was  desirable  to  put  in  a  direct  repeat-back  indi¬ 
cator  between  the  projector  shaft  and  the  operating 
position  because  of  the  complications  of  feeding  the 
relative  bearing  through  the  stable  element,  trun¬ 
nion-tilt  corrector,  and  the  projector.  This  unit  was 
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I'K.i  ri.  88.  Schematic  diagram  of  JIDI  26-kc  depth-scanning  sonar. 


a  standard  Submarine  Signal  Company  bearing-re¬ 
peater  unit  with  gyrocompass  indication  on  the  cen¬ 
ter  dial. 

The  Navy  had  specified  a  change  from  the  old  800- 
cycle  center  listening  frequency  to  a  new  500-cyclc 


AN  3I02-IQ-I2S 


Fioike  81.  Power  supply  for  receivers  and  indicators, 
26-kc  depth-scanning  sonar. 


center  listening  frequency  which  they  considered 
would  make  doppler  changes  easier  to  recognize. 
'Ibis  lower  frequency  made  it  imperative  to  have  a 
speaker  which  would  reproduce  low  frequencies 
down  to  200  cycles.  To  reproduce  these  low  frequen¬ 
cies  efficiently,  HUSL  found  that  an  8-inch  speaker 
would  be  required.  One  of  these  speakers  was 
mounted  in  a  wooden  case  and  attached  to  the  bulk¬ 
head  in  front  of  the  BDI  operator10  (see  Figure  81). 

e.5.2  Stabilization  for  26-kc  DSS 

'Flic  synchro-control  and  display  circuits  for  the  26- 
kc  DSS  system  are  shown  in  Figure  85.  The  stable  ele¬ 
ment  used  with  the  26-kc  DSS  system  was  a  Westing- 
house  Manufacturing  Company  Mark  8,  Model  2. 
This  unit  measured  and  transmitted  level  and  cross 
level  at  2-  and  36-speed  and  included  an  attachment 
for  correcting  the  relative  bearing  for  deck  tilt.  A 
complete  description  of  the  design  and  operation  of 
this  unit  is  found  in  the  instruction  book  prepared 
by  Westinghousc  Electric  and  Manufacturing  Corn- 
pan  y.r,n 

'Flic  outputs  of  a  stable  element  arc  generally  used 
for  3-axis  stabilization.  However,  it  has  been  pointed 
out  in  Chapter  2  that  for  the  depth-scanning  sonar 
equipment  2-axis  stabilization  was  required.3-'0  To 
accomplish  this  a  sonar  trunnion-tilt  corrector  was 
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which  was  4/3  the  sonar  depression  order,  or  4/3 
E'q'  (see  Section  6.4.2).  The  angle  which  should  ap¬ 
pear  on  the  depth-scanning  indicator  should  not 
change  with  the  roll  and  pitch  of  the  ship,  and  should 
be  4/3  the  true  elevation  angle  of  the  target,  or  4/3 
Eq. 

Eq— ELEVATION  ANGLE  —  The  elevation  above  the 
horizon  of  the  line  of  sight  (from  the  point  upon 
which  the  range  keeper  or  data  computer  bases  its 
solution),  measured  in  the  vertical  plane  through 
the  line  of  sight. 

In  order  to  accomplish  this  change  from  E'q'  to  Eq, 
it  was  necessary  to  subtract  from  the  electrical  signal 
of  the  sweep  generator  on  the  commutator  an  amount 
equal  to  the  difference  between  these  two  quantities, 
4/3 (E'q'  -Eq): 

|£V  ~  VEq'  ~  EqS>  =  \Eq' 

In  order  to  produce  the  quantity  4/3  (E'q’  —  Eq),  a 
differential  generator  was  attached  to  the  depres¬ 
sion  handwheel  and  the  quantity  E'q'  at  2-speed  was 
fed  from  the  trunnion-tilt  corrector  to  the  stator 


winding  of  this  differential  generator.  The  rotor  was 
added.  This  unit  took  information  from  the  stable  then  turned  by  means  of  the  handwheel  which  sub¬ 


element  and  computed  the  sonar  train  order,  B’r’q. 

B'r'q  -  TRAIN  ORDER  -  The  angle  between  the  fore 
and  aft  axis  of  own  ship  and  the  plane  through 
the  line  of  sight  (from  the  point  upon  which  the 
range  keeper  or  data  computer  bases  its  solution) 
perpendicular  to  the  deck,  measured  in  the  deck 
plane  clockwise  from  the  bow. 


traded  the  quantity  2 Eq.  The  resulting  signal  2(E'q' 
—  Eq)  was  then  fed  to  a  servo  which  was  geared  to  the 
rotor  of  a  phase-shifting  transformer  at  a  ratio  of  2:3. 
This  phase-shifting  transformer  was  placed  between 
the  sweep  generator  and  the  deflection  coils  on  the 
cathode-ray  tube  (see  Figure  86). 


The  trunnion-tilt  corrector  also  computed  the  sonar 
depression  angle,  E’q’. 

E’q’  -  ELEVA  TION  ORDER  -  The  elevation  of  the  line 
of  sight  above  the  deck,  measured  in  a  plane,  per¬ 
pendicular  to  the  deck,  through  the  line  of  sight. 

A  converted  searchlight  trunnion-tilt  corrector 
built  by  the  Ford  Instrument  Company  was  used  in 
the  experimental  installation  aboard  the  USS 
Cythera.  The  major  change  was  the  conversion  of 
the  bearing  input  servo  from  a  1-speed  system  to  a 
1-  and  36-speed  system.  Limits,  name  plates,  and  dials 
were  also  changed. 

The  depth-scanning  commutator  caused  the  scan¬ 
ning  beam  to  rotate  in  a  plane  normal  to  the  deck. 
Thus,  when  a  target  echo  was  received,  its  depth 
angle  as  measured  by  the  commutator  was  an  angle 
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Figure  86.  Depth  indicator  correction  arrangement  for 
26-kc  DSS. 
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Flot'RK  87.  Converter  unit  for  2f>-kc  DSS. 


Since  the  installation  aboard  the  USS  Cythf.ra  was 
unorthogonalized  (sec  previous  section),  a  converter 
unit  had  to  be  inserted  between  the  output  of  the 
trunnion-tilt  corrector  and  the  listening  cummula- 
tors.  This  converter  unit  consisted  of  a  5  F  synchro 
follower  which  received  the  signal  from  the  trunnion- 
tilt  corrector  (2  F'(j')  and  was  geared  at  a  ratio  of  2:3 
to  a  5  G  synchro  generator  which  then  fed  the  4/3 
E'q'  signal  to  the  servos  attached  to  the  listening 
commutator  (see  Figure  87). 

The  manufacturing  specifications  of  the  Westing- 
house  stable  element  required  that  the  maximum 
training  speed  be  not  more  than  (S  rpm  and  the  accel¬ 
erations  in  training  should  not  exceed  3fi  degrees  per 
second  per  second.  This  latter  specification  did  not 
meet  the  requirements  of  the  system  as  installed 
aboard  the  USS  Cythf.ra.  Under  normal  circum¬ 
stances  the  sonar  operator,  when  training  from  one 
bearing  to  another,  turned  the  handwheel  at  a  speed 
which  did  not  exceed  6  rpm.  However,  the  accelera¬ 
tions  and  decelerations  were  much  greater  than  the 
specified  36  degrees  per  second  per  second.  In  opera¬ 
tion  aboard  the  USS  Cythi.ra,  when  the  operator 
trained  to  a  new  bearing  and  stopped  the  handwheel, 
the  stable  element  generally  overshot  the  bearing  by 
approximately  6  degrees.  This  overshoot  was  ampli¬ 
fied  in  the  trunnion-tilt  corrector  and  caused  the 
servo  system  of  the  training  shaft  to  oscillate  as  much 
as  15  degrees  before  coming  to  the  required  bearing 
(see  Section  6.2).  The  total  errors  of  the  trunnion-tilt 
corrector  were  very  small  (approximately  25  minutes) 
in  comparison  with  errors  in  the  stable  element  and 
training  shaft. 

6-5.3  Indicators  for  Integrated  Type  B 
Sonar 

Indicators  for  the  integrated  Type  11  sonar  were 
designed  according  to  specifications  laid  down  by  the 
Bureau  of  Ships  and  the  Bureau  of  Ordnance/'1-'’2 
The  equipment  was  required  to  be  as  light  as  possible 


because  of  its  position  topside;  therefore,  only  the 
minimum  equipment  needed  for  operation  was  lo¬ 
cated  in  the  consoles.  The  number  of  controls  requir¬ 
ing  operation  during  attack  was  also  kept  at  a  mini¬ 
mum.  This  requirement  led  to  a  study  of  operating 
needs  and  relegation  in  the  design  of  all  nonessential 
controls  to  the  lower  sound  room. 

In  the  design  of  these  consoles™-'4  much  thought 
was  given  to  the  reliability  and  serviceability  of  each 
unit.  Drawer  construction  is  used  to  provide  accessi¬ 
bility.  The  consoles  can  be  attached  to  pedestals  de¬ 
signed  specifically  for  that  purpose  or  to  any  desig¬ 
nated  table  or  bulkhead-mounted  framework,  and 
are  protected  from  shock  and  vibration  by  isolation 
mounts.  A  removable  stuffing  tube  plate  at  the  rear  of 
each  console  facilitates  attachment  of  cables.  Spuri¬ 
ous  deflections  of  the  cathode-ray  tubes  were  mini¬ 
mized  by  keeping  the  synchros  and  servo  motors  at 
the  greatest  possible  distance  from  the  tubes  and  by 
using  magnetic  shielding. 

On  the  front  of  the  depth  console  (sec  Figure  88) 
are  the  depth-scan  indicator,  a  gain  control,  a  range 
selector  switch,  and  a  depth-angle  control  handwheel. 
The  focus,  intensity,  and  centering  controls  for  the 
cathode-ray  tube  are  located  on  the  inside  of  a  drawer 


l'HiiiRK  88.  Indicators  for  integrated  T  ype  B  sonar. 
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which  can  be  released  by  pushing  a  button  on  the 
front  of  the  console.  A  phone  jack  is  supplied  in  the 
front  left  corner  to  provide  a  connection  for  head¬ 
phones  if  desired.  The  handwheel  is  geared  to  two 
size  5  synchro  generators  which  are  arranged  to  trans¬ 
mit  depth  angle  at  2-  and  36-speed.  This  information 
is  supplied  to  the  stabilization  equipment  which  in 
turn  positions  the  two  listening  rotors.  The  signal 
from  these  two  generators,  in  addition,  is  applied  to 
a  servo  arrangement  which  positions  a  mechanical 
cursor  over  the  face  of  the  depth-scan  indicator.  Cen¬ 
tering  controls  permit  alignment  of  the  cathode-ray 
tube  sweep  center  with  the  mechanical  center  of  rota¬ 
tion  of  the  cursor. 

On  the  front  of  the  azimuth  console  (see  Figure  88) 
are  the  following  components:  the  azimuth-scan  in¬ 
dicator,  the  BDI  indicator,  the  master  gain  control 
for  each  of  these  indicators,  the  range  selector  switch, 
the  true-bearing  drum  dial,  the  relative  projector 
bearing  dial,  the  cursor  push  button,  the  attack- 
search  switch,  and  the  training  handwheel.  The  true- 
bearing  drum  dial  is  positioned  by  a  synchro  which 
receives  a  true-bearing  signal  from  the  computing 
circuits  in  the  control  rack.  The  projector  bearing 
dial  is  a  direct  repeat-back  system  from  the  training 
shaft  of  the  projector.  This  dial  is  used  because  the 
different  functions  introduced  by  stabilization  equip¬ 
ment  make  it  desirable  to  have  a  direct  indication  of 
the  area  being  searched. 

The  handwheel  is  geared  to  two  size  5  differential 
generators  to  produce  bearing  synchro  signals  at  1- 
and  36-speed.  The  output  of  the  two  differential  gen¬ 
erators  when  a  director-aided-tracking  mechanism  is 
used  is  ship’s  course  plus  a  bearing  correction.  This 
signal  is  then  combined  with  the  computed  true  bear¬ 
ing  from  the  director  to  produce  the  actual  relative 
bearing,  which  is  then  transmitted  through  the  stabil¬ 
ization  equipment  to  train  the  projector.  When  the 
director-aided-tracking  mechanism  is  not  used,  infor¬ 
mation  from  the  differential  generators  becomes  a 
relative  bearing  by  turning  the  handwheel  an 
amount  equal  to  true  bearing.  This  relative  bearing 
is  transmitted  through  the  stabilization  equipment 
to  train  the  projector.  Further  explanation  of  the 
computing  and  stabilization  circuits  is  described  in 
Sections  6.5.2  and  6.5.5  of  this  chapter. 

Focus  and  intensity  controls  for  both  cathode-ray 
tubes  are  located  on  the  inside  of  a  drawer  which  is 
released  by  pushing  a  button  on  the  front  of  the  con¬ 
sole.  A  phone  jack  is  supplied  on  the  console  at  the 


front  corner  to  provide  a  connection  for  headphones 
if  desired. 

The  range  recorder  for  the  integrated  Type  B  so¬ 
nar  is  supplied  in  this  design  by  the  Bureau  of  Ord¬ 
nance  and  is  arranged  to  take  its  signal  from  the 
audio  channel  of  the  BDI  receiver,  which  may  be 
switched  to  either  the  azimuth-  or  the  depth-scanning 
portions  of  the  system.  The  recorder  has  a  cursor 
servoed  from  the  range-rate  control  mechanism  in  the 
attack  director.  In  addition  to  the  servo,  a  handwheel 
is  arranged  on  the  side  to  introduce  spot  corrections 
to  the  range.  Then  the  actual  position  of  the  cursor  is 
repeated  back  to  the  attack  director  by  means  of  a  syn¬ 
chro  repeater  system. 

The  speaker  for  the  integrated  Type  B  sonar  is  an 
8-inch  speaker  in  a  separate  case  shock-mounted  to 
the  bulkhead  (see  Figure  88).  This  size  speaker  was 
chosen  in  the  design  to  provide  adequate  low-fre¬ 
quency  response,  as  described  in  the  first  part  of  this 
chapter.  On  this  cabinet  face  there  is  an  on-off  con¬ 
trol,  a  volume  control,  and  a  band  selector  switch. 
The  band  selector  switch  determines  the  frequency 
response  by  use  of  a  filter. 

6  5  4  Control  Rack 

In  order  to  increase  the  flexibility  of  the  proposed 
experimental  installation  of  integrated  Type  B  sonar 
on  a  suitable  ship,  a  control  rack  was  designed  to 
contain  supplementary  controls  for  the  system  (see 
Figure  89).  A  number  of  these  controls  are  unneces¬ 
sary  for  a  production  type  of  installation;  the  re¬ 
mainder  will  be  designed  into  the  different  units  of 
the  integrated  equipment. 

The  top  panel  contains  power  switches  and  cable 
terminals.  Below  these  power  switches,  on  the  same 
panel,  are  three  switches  labeled  relative-true,  sta¬ 
bilization,  and  attack-director.  The  relative-true 
switch  introduces  the  feature  of  MTB  when  placed  in 
the  true  position.  The  stabilization  switch  discon¬ 
nects  all  stabilization  from  the  sonar  equipment. 
When  disconnected,  the  stable  element  and  the  trun¬ 
nion-tilt  corrector  do  not  have  their  main  power  sup¬ 
ply  shut  off;  only  the  energizing  power  to  the  syn¬ 
chros  involved  in  the  stabilization  is  disconnected. 
The  attack  director  switch  is  used  to  disconnect  the 
aided-tracking  mechanisms  of  the  attack  director 
from  the  sonar  equipment  and,  like  the  stabilization 
switch,  disconnects  only  the  synchros.  It  is  arranged 
to  allow  continued  self-operation  of  the  aided-track- 
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Figi'ri:  89.  Sketch  of  control  rack,  for  integrated  Type  B 
sonar. 


ing  mechanisms.  The  circuits  for  the  two  switches  arc 
arranged  so  that  each  operates  independently.  This 
makes  it  possible  to  operate  either  stabilized  or  unsta¬ 
bilized  circuits,  with  or  without  aided-tracking 
mechanisms. 

The  second  panel  contains  (1)  the  synchro  section 
D  (see  Figure  89),  (2)  one  servo  amplifier  for  this  syn¬ 
chro  section,  (3)  a  booster  amplifier  and  transformer 
for  the  input  to  the  resolver,  (4)  a  power  supply  to 
supply  the  booster  amplifiers  in  this  and  one  other 
panel,  together  with  a  motor  amplifier  in  another 
panel,  and  (5)  one  servo  amplifier  used  to  control 
the  cursor  on  the  EPI  in  the  depth  console. 

The  third  panel  contains  (1)  the  synchro  section  C, 
(2)  one  servo  amplifier  for  this  synchro  section,  (3)  a 
booster  amplifier  and  transformer  to  supply  the  re¬ 
solver,  and  (4)  a  clamping  unit,  motor  amplifier,  and 
transformers  to  amplify  the  output  from  the  resolver 
for  the  ODN  computer  in  the  BDI  listening  receiver. 

The  bottom  panel  includes  (1)  the  synchro  sections 
A  and  B,  (2)  a  servo  amplifier  for  synchro  section  B, 
and  (3)  two  servo  amplifiers  which  arc  used  to  drive 


the  listening  commutators  in  the  depth-scanning 
system. 

Easy  accessibility  to  the  three  lower  panels  is  pro¬ 
vided  by  drawer-type  construction  and  electrical-plug 
connection  to  the  rack. 

65  5  Stabilization  for  Type  B  Integrated 
Sonar 

At  the  present  time  the  schedule  for  installing  inte¬ 
grated  Type  B  sonar  aboard  the  USS  Babbitt  calls 
for  the  installation  of  a  Westinghouse  stable  element 
Mark  8  similar  to  the  one  installed  aboard  the  USS 
Cytiii  ra.  The  Bureau  of  Ordnance  has  under  de¬ 
velopment  another  stable  element  designated  as 
Mark  7,  to  be  built  by  the  General  Electric  Company. 
'Ellis  unit  will  not  be  available  for  sonar  work  before 
the  end  of  October  1945.  One  of  the  first  units  to  be 
manufactured  by  General  Electric  has  been  allotted 
to  the  integrated  Type  B  sonar  and  when  it  becomes 
available  will  be  installed  in  place  of  the  Westing- 
house  Mark  8.  During  the  time  the  Mark  8  stable 
element  is  aboard,  a  Ford  Instrument  Company 
searchlight  trunnion-tilt  corrector  converted  for  so¬ 
nar  use  will  be  employed,  modified  for  2-  and  36- 
speed  depression,  and  1-  and  36-spccd  bearing 
operation. 

Under  the  arrangement  where  a  Mark  8  stable  ele¬ 
ment  and  a  trunnion-tilt  corrector  arc  used,  it  is  pos¬ 
sible  to  stabilize  only  the  sonar  equipment.  When  the 
Mark  7  stable  element  is  installed,  it  will  be  used  to 
stabilize  the  antisubmarine  weapon  in  addition  to  the 
sonar  equipment.  This  weapon  may  be  l-axis,  2-axis, 
or  3-axis  stabilized.  Under  any  one  of  these  condi¬ 
tions,  the  relative  bearing  of  the  weapon  will  be  trans¬ 
mitted  to  the  stable  element  where  the  level,  cross 
level,  and  director  train  will  be  computed  for  this 
given  bearing.  These  same  values  of  level,  cross  level, 
and  director  train  which  arc  computed  for  the 
weapon  bearing  will  also  be  transmitted  to  a  Mark  23 
sonar  computer,  manufactured  by  the  Anna  Corpo¬ 
ration.  This  computer  will  then  solve  the  necessary 
sonar  train  order  and  sonar  depression  order  for  2- 
axis  stabilization  of  the  line  of  sight  to  the  target  (see 
Figure  90). 

The  integrated  Type  B  sonar  will  include  a  search 
portion  which  is  to  be  essentially  a  QH  azimuth-scan¬ 
ning  sonar.  In  the  design  of  the  search  portion,  the 
listening  beam  was  formed  by  connecting  the  lag  lines 
directly  to  the  transducer  elements,  and  was  rotated 
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Figure  90.  Proposed  stabilization  plan  for  test  program 
aboard  USS  Babbitt,  integrated  Type  B  sonar. 


by  training  the  projector.  This  type  of  operation  was 
explained  in  Chapter  2.  The  azimuth-scanning  com¬ 
mutator  will  cause  the  scanning  beam  to  be  rotated 
in  a  plane  parallel  to  the  deck  plane.  Thus,  when  the 
target  echo  is  first  received,  its  bearing  as  measured  at 
the  commutator  will  be  equal  to  the  sonar  train  order 
for  that  target  less  the  amount  of  projector  train  at 
that  instant.  The  angle  which  should  appear  on  the 
azimuth-scanning  indicator  is  one  that  does  not 
change  with  the  roll  and  pitch  of  the  ship  and  should 
be  the  actual  relative  bearing  of  the  target.  To  pre¬ 
sent  this  relative  bearing  properly  on  the  azimuth¬ 
scanning  indicator,  the  projector  must  be  trained  un¬ 
til  the  BDI  deflection  is  zero.  The  bearing  then  meas¬ 
ured  at  the  commutator  will  be  0  degrees.  If  the  elec¬ 
trical  signal  of  the  sweep  generator  on  the  commu¬ 
tator  is  changed  in  phase  by  an  amount  equal  to  the 
relative  bearing  [Z5r],  then  indication  on  the  azimuth- 
scan  indicator  will  appear  directly  as  Br.  This  will  be 
accomplished  (see  Figure  91)  by  inserting  a  differen¬ 
tial  generator,  used  as  a  phase-shifting  transformer, 
between  the  sweep  generator  on  the  commutator  and 
the  deflection  coils  of  the  cathode-ray  tube.  The  rotor 
of  this  differential  generator  will  be  moved  by  an 
angle  equal  to  Br  by  a  servo  in  the  computer  section 
of  the  system  (described  later) . 

In  order  to  obtain  the  quantity  Br  when  the  attack 
director  is  used,  the  relative-true  switch  on  the  con¬ 
trol  rack  will  be  turned  to  the  relative  position  and 
the  director  switch  will  be  turned  to  the  on  position 
(see  Figure  91).  The  computed  relative  bearing  [c£r] 
from  the  computing  mechanisms  in  the  attack  direc¬ 


tor  will  then  be  applied  to  the  two  5  F  synchro  follow¬ 
ers  in  the  computing  section  of  the  control  rack, 
which  will  position  the  rotors  of  two  size  5  differen¬ 
tial  generators.  The  stators  of  these  synchros  are  to  be 
supplied  with  a  correction  signal  so  that  the  output 
of  the  rotors  will  be  correct  relative  bearing  [ jBr ]. 
This  correction  signal  is  to  be  obtained  from  two  size 
5  DG’s  in  the  console  whose  rotors  are  positioned  by 
the  handwheel  so  that  the  BDI  is  kept  centered.  The 
correct  relative-bearing  signal  is  then  applied  to  a 
servo  arrangement  which  will  position  the  phase- 
shifting  transformer  for  correcting  the  azimuth-scan 
indicator  and  a  resolver  for  obtaining  the  cosine  of  Br 
for  the  ODN  circuit.  The  correct  relative-bearing  sig¬ 
nal  also  will  be  applied  directly  to  the  stable  element 
to  stabilize  the  projector  at  the  proper  bearing. 

When  the  attack  director  is  not  used,  78  volts  will 
be  placed  across  the  stators  of  the  two  5  F  synchros  in 
the  computer  section,  which  then  will  position  the 
rotors  of  the  two  5  DG’s  at  zero  relative  bearing.  If 
the  relative-true  switch  is  then  positioned  in  the  true 
position,  the  ship’s  course  will  be  applied  to  the  sta¬ 
tors  of  the  two  size  5  DG’s  in  the  console.  If  the  hand- 
wheel  is  turned  an  amount  equal  to  the  true  bearing, 
the  two  size  5  DG’s  will  then  apply  relative  bearing  to 
the  stators  of  the  two  size  5  DG’s  in  the  computer  cir¬ 
cuit,  and  these  two  DG’s  in  turn  will  apply  relative 
bearing  to  the  servo  and  the  stable  element  as  de¬ 
scribed  above. 

In  the  design  for  the  integrated  Type  B  sonar,  the 
depth-scanning  commutator  had  64  segments  in  place 
of  the  48  used  in  the  experimental  26-kc  system.  For¬ 
ty-eight  of  the  segments  are  connected  to  the  48  ele¬ 
ments  of  the  transducer.  The  remaining  16  segments 
are  grounded.  By  using  this  64-element  commutator 
the  angularly  distorted  display  which  was  accepted 
in  the  USS  Cythera  installation  can  be  avoided. 
Thus,  when  a  target  echo  is  received,  its  depth  angle 
as  measured  at  the  commutator  is  the  sonar  depres¬ 
sion  order,  E'q'.  Details  of  the  method  of  correcting 
this  angle  to  present  the  actual  depression  angle  on 
the  scan  indicator  are  slightly  different  from  those 
used  on  the  experimental  installation  for  USS  Cy¬ 
thera.  The  following  description  can  be  understood 
more  easily  by  referring  to  Figure  91.  Located  in  the 
depth  console  are  two  5  G  synchros  which  are  posi¬ 
tioned  by  the  handwheel  to  an  angle  equal  to  the 
actual  depression  angle.  These  synchros  transmit  this 
angle  Eq  (at  2-  and  36-speed)  to  the  computer  section 
of  the  control  rack,  where,  through  a  servo,  it  posi- 
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Figure  92.  Top  view  of  preamplifier.  Figure  93.  Bottom  view  of  preamplifier. 


tions  the  rotors  of  four  DG’s  and  a  resolver.  The  first 
pair  of  DG’s  are  used  to  add  the  level  signal  from  the 
stable  element  to  the  depression  angle  to  obtain  di¬ 
rector  depression  angle  E'q  which  then  is  applied  to 
the  trunnion-tilt  corrector.  The  second  pair  of  DG’s 
are  used  to  obtain  the  difference  between  E'q'  and 
Eq.  The  output  of  this  second  pair  of  differentials  is 
applied  to  another  servo  which  positions  the  rotor  of 
a  differential  generator,  which  is  used  as  a  phase- 
shifting  transformer  between  the  sweep  generator  on 
the  depth-scan  commutator  and  the  deflection  coils 
on  the  depth-scan  indicator.  The  resolver  is  used  to 
obtain  the  cosine  of  Eq  which  is  used  in  the  ODN 
circuit. 

The  listening  commutators  on  the  depth-scanning 
portion  of  the  integrated  system  are  standard  48-seg¬ 
ment  commutators.  However,  the  servo  system  is 
geared  to  the  rotor  at  a  ratio  of  2:3  in  order  to  com¬ 
pensate  for  the  angular  distortion  as  previously  ex¬ 
plained. 

It  is  desirable  to  provide  for  removing  the  stabiliza¬ 
tion,  both  for  damage  control  and  for  testing.  The 
installed  sound  gear  monitor  (attached  to  the  ship) 
may  be  used  as  a  reference.  By  throwing  the  stabiliza¬ 
tion  on-off  switch  to  the  off  position,  the  effects  of 
stabilization  on  the  listening  and  scanning  beams  can 
be  removed.  This  is  accomplished  by  applying  the  sig¬ 
nal  from  the  two  5  G’s  in  the  depth  console  directly 
to  the  servos  attached  to  the  depth-listening  commu¬ 
tators,  thus  positioning  the  beam  at  Eq.  Then  also, 
the  training  control  receives  its  signal  directly  from 
the  5  DG’s  in  the  bearing  computing  circuit  and, 
thus,  eliminates  the  effect  of  the  stable  element  and 
the  trunnion-tilt  corrector. 


The  training  control  for  the  integrated  Type  B 
sonar  is  a  standard  QCJ-8  unit  with  amplidyne  con¬ 
trol  or  a  similar  unit.  The  control  amplifier  will  be 
modified  by  the  RCA  Manufacturing  Company  to 
operate  from  1-  and  36-speed  synchro  signals  in  place 
of  the  normal  36-speed  signal. 

It  should  be  noted  that  throughout  this  system  all 
signals  are  transmitted  at  double  speed  in  order  to  ob¬ 
tain  an  accuracy  of  14  degree  or  better.  All  bearing 
angles  are  transmitted  at  1-  and  36-speeds  while  ele¬ 
vation,  level,  and  cross  level  are  transmitted  at  2-  and 
36-speeds.  This  has  been  arranged  to  conform  with 
Bureau  of  Ordnance  practices. 

6.5.6  j?ire  Control  for  Use  with  Integrated 
Type  B  Scanning  Sonar 

The  integrated  Type  B  sonar  has  been  designed  to 
make  use  of  the  latest  developments  in  sonar  fire-con¬ 
trol  equipment.53  The  first  portion  of  this  equipment 
is  the  aided-tracking  mechanisms.  On  the  first  instal¬ 
lation  aboard  USS  Babbitt  a  Mark  4,  Model  0  attack 
director  will  be  used  when  it  becomes  available.  This 
attack  director  incorporates  aided-tracking  mech¬ 
anisms  to  generate  the  relative  bearing  and  the  slant 
range.  After  preliminary  tests  an  additional  box  will 
be  added  which  will  contain  an  aided-tracking  mech¬ 
anism  for  the  depression  angle.  All  this  equipment 
will  be  supplied  by  the  Bureau  of  Ordnance  and  is 
being  developed  by  Librascope,  Inc.,  under  the  super¬ 
vision  of  Section  Re4b  of  BuOrd- 

Under  the  design  of  the  preliminary  system,  the 
bearing  aided-tracking  mechanism  provides  a  com¬ 
puted  relative  bearing  to  the  sonar  equipment.  The 
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sonar  operator  can  then  insert  corrections  to  bring 
this  computed  bearing  to  the  actual  bearing  as  indi¬ 
cated  by  the  BDI.  When  using  scanning  sonar,  it  is 
often  desirable  to  investigate  a  second  target  which 
may  appear  on  the  scanning  indicator.  This  is  pos¬ 
sible  if  the  operator  disconnects  the  aided-tracking 
mechanisms  from  the  sonar  equipment  and  then  pro¬ 
ceeds  to  train  in  the  direction  of  the  new  target.  When 
returning  to  the  original  target  and  reconnecting  the 
attack  director,  the  computed  bearing  causes  the  pro¬ 
jector  to  train  to  a  new  position  which  may  be  more 
than  5  degrees  away  from  the  actual  bearing  of  the 
target.  To  insert  a  5-dcgrcc  correction  into  the  aided- 
tracking  mechanism  immediately  would  cause  an 
error  in  the  bearing  rate  set  up  within  the  director. 
To  correct  this  error  would  take  a  considerable  num¬ 
ber  of  corrections  inserted  at  the  sonar  handwheel. 
Under  the  latest  proposed  system*2  (not  included  in 
this  first  design)  the  aided-tracking  mechanism  does 
not  furnish  a  computed  bearing,  but  furnishes  in¬ 
crements  to  the  initial  bearing  set  up  by  the  sonar 
operator.  Therefore,  after  searching  a  second  target 
and  repositioning  the  cursor  to  the  original  echo, 
there  is  no  large  bearing  error.  If  at  this  point  the 
cursor  continuously  leads  or  lags  the  echo,  the  hand¬ 


wheel  can  be  used  to  insert  small  corrections  which 
change  the  bearing  rate.  During  this  time  of  correc¬ 
tion,  bearing  errors  are  very  small  and  the  rates  are 
corrected  in  the  proper  manner. 

When  calculating  the  depth  and  horizontal  range 
of  a  deep  target,  it  becomes  necessary  to  make  correc¬ 
tions  for  the  temperature  gradients  in  water.  This  is 
done  with  an  automatic  temperature-gradient  correc¬ 
tor.  The  preliminary  model  of  this  unit  requires  the 
slant  range  and  depression  angle  to  be  inserted  by 
hand  operation.  The  bathythermograph  information 
can  be  interpreted  in  terms  of  several  thermal  layers 
in  the  water  and  the  depth  of  each  layer  can  be  in¬ 
serted  into  the  machine  by  means  of  hand-operated 
knobs.  The  actual  depth  of  the  submarine  then  ap¬ 
pears  on  a  dial  as  depth  in  feet.  It  is  contemplated 
that  additional  models  can  be  built  after  a  period  of 
field  testing  has  shown  what  modifications  are 
required. 

In  addition  to  the  aided-tracking  mechanisms  as 
described  in  a  previous  paragraph,  the  Mark  4,  Model 
0  director  is  essentially  a  computing  device  for  com¬ 
puting  the  course-to-stcer  and  time-to-fire  to  make  a 
successful  attack.  The  Model  0  has  been  designed 
for  use  with  present-type  depth  charges  and  ahead- 
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thrown  ordnance.  This  computing  portion  of  the 
director  has  been  given  exhaustive  tests  under  the 
direction  of  ASDevLant.36  When  new  ordnance  is  de¬ 
veloped,  a  new  attack  director  will  be  designed  that 
will  include  some  of  the  computing  sections  required 
for  correcting  the  scanning  indicators,  as  well  as 
changes  necessary  to  direct  the  new  type  of  ordnance. 

The  extensive  use  of  depth  charges  during  this  war 
has  shown  some  of  the  defects  in  this  type  of  attack. 
One  of  these  faults  is  the  long  “blind”  time  required 
when  the  submarine  is  deep,  which  permits  the  sub¬ 
marine  to  make  evasive  maneuvers  between  the  time 
of  loss  of  contact  and  the  explosion  of  the  depth 
charge.  The  use  of  present  ahead-thrown  weapons  is 
not  entirely  satisfactory  because  of  their  limited 
range  and  the  necessity  of  getting  the  ship  close  to  a 
collision  course  at  the  time  of  firing.  Both  of  these 
conditions  could  be  overcome  if  a  large  charge  could 
be  fired  from  a  stabilized  gun-type  of  thrower.  The 
specifications  for  this  type  of  unit  would  include  a 
means  of  varying  the  range  to  which  the  charge  could 
be  thrown;  also  it  would  be  arranged  to  train  ap¬ 
proximately  a  total  of  270  degrees.  Such  a  gun-type 
thrower  has  been  proposed  by  Section  Re4b  of  the 
Bureau  of  Ordnance  and  is  at  the  present  time  under 
consideration. 

66  RECEIVERS 

6.6.i  Preamplifiers  for  26-kc  Depth-Scanning 
Sonar 

There  were  three  identical  preamplifiers  used  in 
the  receiving  channels  in  the  depth-scanning  sonar 
installed  on  the  USS  Cythera.  One  of  these  amplified 
the  signal  from  the  scanning  commutator  and  the 
other  two  amplified  the  signals  from  the  two  listen¬ 
ing  commutators.  The  output  from  the  first  was  con¬ 
nected  to  the  scanning  receiver  and  the  outputs  from 
the  other  two  were  connected  to  the  BDI  listening 
receiver.  A  photograph  showing  the  preamplifier  and 
its  power  supply  mounted  on  the  commutator  is 
shown  in  Figure  61  in  Chapter  5.  Figures  92  and  93 
show  top  and  bottom  views  of  the  preamplifier  alone. 
The  preamplifier  as  installed  on  the  commutator  was 
made  in  dual  form;  that  is,  two  complete  preampli¬ 
fiers  were  provided,  although  only  one  of  the  two  was 
used.  This  came  about  because  the  original  design 
called  for  two  preamplifiers  to  handle  dual  outputs 
from  each  lag  line,  whereas  in  this  application  only 
one  was  required.  (For  QH  scanning  sonar,  see 
Chapter  5.) 


Figure  95.  Scanning  receiver  performance:  output  versus 
input. 


A  wiring  diagram  for  these  preamplifiers  is  shown 
in  Figure  106  in  Chapter  5,  under  “Receivers  for  QFf 
Scanning  Sonar,  Model  2.”  Each  preamplifier  con¬ 
tained  two  stages  of  amplification,  separated  by  a 
band-pass  filter.37  The  first  stage  (6SG7)  was  coupled 
to  the  band-pass  filter,  which  was  7  kc  wide  3  db  down 
from  the  maximum,  and  was  centered  at  26  kc.  The 
second  stage  6SG7  was  used  as  a  cathode  follower  so 
that  the  output  was  at  low  impedance,  and  it  was  not 
necessary  to  have  a  short  connection  from  the  pre¬ 
amplifier  to  succeeding  parts  of  the  receiver.  The 
overall  voltage  gain  of  the  preamplifier  was  approxi¬ 
mately  33  db. 

During  the  time  of  transmission,  the  gain  of  the 
preamplifier  was  reduced  to  a  very  low  value  by  the 
insertion  of  a  resistor  between  the  positive  plate  sup¬ 
ply  and  the  preamplifier.  This  was  accomplished  by 
contacts  on  the  send-receive  relay.  Thus  during  trans¬ 
mission,  any  leakage  voltage  appearing  at  the  output 
of  the  commutator  did  not  appear  as  a  large  amplified 
voltage  at  the  output  of  the  preamplifier. 

6.6.2  Scanning  Receiver  for  26-kc  Depth- 
Scanning  Sonar 

The  scanning  receiver  for  the  depth-scanning  sonar 
installed  on  the  USS  Cythera  amplified  the  signal 
from  the  preamplifier  on  the  scanning  commutator, 
and  delivered  a  d-c  signal  to  the  brightening  grid  of 
the  cathode-ray  tube  in  the  elevation  position  indi¬ 
cator,  so  that  a  spot  appeared  on  the  screen  of  the 
tube  for  every  signal  received.  This  receiver  was  es- 
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Figure  96.  Scanning  receiver,  i-£  filter  response. 


sentially  the  same  as  the  CR  Model  2  receiver  de¬ 
scribed  in  Chapter  5,  except  for  rearrangement  of  the 
chassis  layout.  The  wiring  diagram  is  shown  in  Fig¬ 
ure  94.  A  remote  manual  gain  control  was  used, 
mounted  on  the  EPI,  in  parallel  with  a  local  manual 
gain  control.  A  reverberation-controlled  gain  [RCG] 
circuit  was  also  used,  which  operated  from  the 
level  of  reverberation  received.  During  the  time  of 
transmission,  high  signal  voltages  were  developed  as 
a  result  of  leakage  in  the  input  of  the  receiver.  Signal 
taken  from  the  plate  of  the  last  intermediate-fre¬ 
quency  amplifier  tube  was  fed  to  a  triodc  (i/2  6SL7), 
used  as  a  biased  rectifier.  The  fixed  cathode  bias  al¬ 
lowed  it  to  rectify  only  those  signals  which  were  above 
a  certain  level.  A  capacitor  connected  in  the  grid- 
returns  of  the  r-f  stage  (6SG7)  and  the  mixer  (6SG7) 
was,  thereby,  charged  negatively  with  respect  to 
ground.  As  a  consequence,  these  tubes  were  nearly 
cut  off  and  the  overall  voltage  gain  of  the  receiver 
was  reduced  by  at  least  100  db.  During  the  time  of  re¬ 
ception,  the  negatively  charged  capacitor  discharged 
to  ground  through  a  second  biased  rectifier  (i/2  6SL7). 
The  time  constant  of  this  discharge  circuit  was  ap¬ 
proximately  10  milliseconds,  neglecting  the  action  of 
its  biasing  circuit.  A  third  rectifier  (i/2  6SN7)  pro¬ 
vided  the  bias  for  the  rectifier  in  this  discharge  cir¬ 
cuit,  the  bias  being  a  d-c  potential  proportional  to 
the  amount  of  reverberation  present  at  any  instant. 
The  discharge  of  the  negatively  charged  capacitor 
was  thus  controlled  by  the  magnitude  of  the  rever¬ 
beration  at  any  instant,  and  the  rate  of  recovery  of 
gain  of  the  receiver  was  also  a  function  of  the  rever¬ 
beration  since  the  gain  depended  on  the  voltage  on 
this  capacitor. 


The  maximum  available  voltage  gain  in  the  re¬ 
ceiver  was  150  db,  measured  from  the  input  grid  (rms 
a-c  volts)  to  the  d-c  amplifier  output  (d-c  volts);  maxi¬ 
mum  voltage  output  possible  without  distortion  was 
about  90  volts  (d-c).  Figure  95  shows  the  output-ver- 
sus-input  characteristic.  The  receiver  had  a  band 
width  of  about  2  kc  at  3  db  down  from  the  maximum, 
as  indicated  by  the  i-f  filter  response  shown  in  Figure 
96.  The  mixer  oscillator  (86-kc)  was  tunable  over  a 
band  from  about  80  to  91  kc,  so  that  the  receiver  it¬ 
self  was  tunable  from  20  to  31  kc.  The  receiver  intro¬ 
duced  no  measurable  electrical  noise  by  comparison 
with  normal  water  noise. 

The  cathode-ray  tube  in  the  EPI  first  showed  a  per¬ 
ceptible  brightened  spot  for  a  voltage  of  1.8  volts  with 
respect  to  ground,  applied  to  the  brightening  elec¬ 
trode.  For  an  accelerating  voltage  of  3,600  volts,  a 
brightening  voltage  of  38  volts  made  the  spot  on  the 
tube  face  begin  to  dcfocus.  For  this  reason,  the  volt¬ 
age  output  from  the  receiver  was  limited  so  that  it 
would  not  be  greater  than  38  volts.  This  was  accom¬ 
plished  in  the  installation  on  the  USS  Cythera  by 
adding  a  rectifier  (l/i  6SL7)  as  a  limiter  at  the  output, 
biased  so  that  it  began  to  limit  at  38  volts.6 

Under  normal  darkened  sound  room  conditions, 
with  the  intensity  control  on  the  EPI  adjusted  so  that 
the  spot  was  just  not  visible  in  the  absence  of  any 
signal,  brightening  was  observed  for  voltages  of 
slightly  over  1  volt  applied  to  the  brightening  elec¬ 
trode.  Therefore,  it  was  necessary  to  keep  voltage 
outputs  arising  from  electrical  and  water  noise  down 
to  about  1  volt.  It  was  found  that  with  an  overall 
gain  of  about  130  db  (including  preamplifier),  water 
noise  just  began  to  brighten  the  spot  on  the  cathode- 
ray  tube.  Since  the  preamplifier  had  a  gain  of  33  db, 
the  gain  of  the  receiver  for  this  measurement  was 
about  100  db,  representing  its  greatest  useful  gain. 

The  intensity  control  on  the  cathode-ray  tube 
could  be  used  to  suppress  unwanted  noise  so  that 
brightening  would  not  be  noted  until  the  brighten¬ 
ing  voltage  reached  a  value  considerably  greater  than 
1  volt.  Under  such  circumstances,  it  would  be  pos¬ 
sible  to  overlook  weak  signals  which  were  only  of  the 
order  of  magnitude  of  the  noise  signal.  However,  very 
strong  signals  could  be  received  under  these  condi¬ 
tions  without  defocusing.  This  was  a  desirable  situa¬ 
tion  for  strong  signals  since  the  defocusing  effect  led 
to  poor  estimation  by  the  operator  of  the  angular 
position  of  the  spot. 

The  ideal  situation  would  be  to  increase  the  range 
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Figure  97.  Top  view  of  scanning  receiver  chassis  and  gain  control  chassis. 


of  brightening  of  the  cathode-ray  tube  without  de- 
focusing,  in  order  that  both  weak  and  strong  signals 
could  be  obtained  at  the  same  time  without  changing 
the  intensity  control.  One  means  of  doing  this  would 
be  to  increase  the  accelerating  voltage  on  the  cathode- 
ray  tube.  Another  method  would  be  to  increase  the 
effect  of  the  limiter  at  the  output  of  the  brightening 
receiver,  so  that  strong  signals  would  all  be  limited  to 
the  same  voltage  output  value. 

Figures  97  and  98  are  photographs  of  the  bright¬ 
ening  receiver,  and  show  the  construction  and  layout 
of  the  various  components.  Considerable  care  was 
taken  to  keep  signal  lead  wiring  down  to  a  minimum 
because  of  the  high  gain  originally  thought  neces¬ 
sary.  The  receiver  proved  perfectly  stable  at  full  gain. 
Power  for  operating  the  receiver  was  taken  from  the 
power  supply  on  the  sweep  chassis.  Figure  99  shows 
the  position  of  the  brightening  receiver  in  the  re¬ 
ceiver  rack. 

6-6-3  BDI  Listening  Receiver  for  26-kc 
Depth-Scanning  Sonar 

The  BDI  listening  receiver  used  in  the  depth-scan¬ 
ning  sonar  installed  on  USS  Cythera  was  designed 
to  incorporate  in  one  unit  the  function  of  a  listen¬ 


ing  receiver,  giving  outputs  to  loudspeaker  and 
range  recorder,  and  that  of  a  BDI  receiver,  giving  an 
output  to  the  bearing  deviation  indicator  scope.  Any 
BDI  receiver  requires  two  channels.  It  was  advan¬ 
tageous  to  use  a  sum-and-difference  type,58  since  one 
of  the  two  channels  (the  sum  channel)  could  also  be 
used  as  the  listening  channel.  This  type  of  circuit  also 
had  the  advantage  of  inherently  maintaining  a  high 
order  of  accuracy  in  zero  deviation  bearing,  while 
having  only  relatively  modest  requirements  on  equal¬ 
ity  of  gain  and  phase  shift  in  the  two  channels.  In  ad¬ 
dition  it  was  possible,  by  utilizing  the  new  principle 
of  2-phase  heterodyning,  to  achieve  tunability  over  a 
wide  frequency  range. 

Figure  1 00  shows  a  block  diagram  of  the  BDI  listen¬ 
ing  receiver.  The  general  principle  of  the  sum-and- 
diffcrcncc  type  of  BDI  circuit  used  was  as  follows: 
(1)  take  the  signals  from  the  two  halves  of  a  trans¬ 
ducer;  (2)  add  them  vectorially  and  amplify  the  re¬ 
sultant  signal  in  one  (sum)  channel;  (3)  subtract  them 
vectorially  and  amplify  the  resultant  signal  in  an¬ 
other  (difference)  channel;  (4)  shift  the  relative  phase 
of  these  resultant  signals  by  90  degrees  so  that  they 
are  brought  into  phase  (plus  or  minus);  and  (5)  com¬ 
bine  the  outputs  of  the  two  channels  in  a  phase-sen¬ 
sitive  rectifier  to  give  a  d-c  voltage  for  operation  of 
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I'ioi'rf.  98.  Bottom  view  of  scanning  receiver  chassis  and  gain  control  chassis. 


the  BDI  right-left  indicator.  The  vector  relations  in¬ 
volved  for  equal  gains  in  the  two  amplifier  channels 
are  illustrated  in  Figure  101. 

This  BDI  listening  receiver  required  the  construc¬ 
tion  of  two  amplifier  channels  which  preserved  rela¬ 
tive  phase  and  amplitude  up  to  the  point  of  the 
phase-sensitive  detector,  except  that  a  90-degree  rela¬ 
tive  phase  shift  between  the  channels  was  required  at 
some  point  in  the  circuit  prior  to  the  phase-sensitive 
detector.  In  this  receiver,  the  90-dcgrce  relative  phase 
shift  was  introduced  between  the  local  oscillator  and 
the  injection  signal  points  at  the  modulators  (mixers) 
in  the  two  channels.  This  procedure  took  advantage 
of  the  easy  tuning  of  a  superheterodyne  circuit,  while 
maintaining  the  required  90-degree  phase  differential 
over  a  wide  frequency  range  by  combining  a  lead  line 
and  a  lag  line.  Relative  phase  shift  in  the  two  ampli¬ 
fier  channels  was  held  to  within  ±15  degrees.  This 
small  shift  was  assured  by  careful  construction  of  the 
circuits  providing  the  selectivity,  which  were  band¬ 
pass  filters  following  the  modulators,  and  by  using 
identical  feedback-stabilized  amplifiers  in  the  two 
channels.  Relative  gain  was  kept  within  ±1  db 
throughout  the  range  of  manual  and  reverberation- 


controlled  gain.  This  gain  was  assured  by  using  vari¬ 
stor  vario-losser  circuits  controlled  from  a  common 
source  for  each  channel.  Such  a  varistor  circuit  used 
a  d-c  control  voltage  which  varied  the  attenuation  of 
signal  voltage  through  the  circuit.  Because  a  d-c  sig¬ 
nal  voltage  was  used,  control  was  possible  from  a  re¬ 
mote  position.  It  was  desirable  to  have  suitable  filter¬ 
ing  of  the  control  voltage  at  the  point  of  application 
to  eliminate  the  effects  of  pickup  along  the  remote 
connecting  wires.  Because  of  the  uniformity  among 
a  stock  group  of  varistors,  the  variation  of  loss 
through  them  for  a  given  control  voltage  was  nearly 
the  same;  and  an  application  of  the  same  control 
voltage  to  two  circuits  in  two  different  channels  intro¬ 
duced  the  same  loss.  Prior  to  the  phase-sensitive  recti¬ 
fier,  amplification  by  vacuum  tubes  was  introduced 
only  in  the  form  of  feedback -stabilized  dual-stage 
units,  thereby  separating  the  functions  of  gain  and 
gain  control.  Only  two  tube  types  were  utilized  in 
design  and  construction  of  this  amplifier,  6SL7  and 
6V6. 

The  wiring  diagrams  for  this  receiver  are  shown  in 
Figures  102,  103,  101,  and  105.  The  outputs  from  the 
two  preamplifiers  connected  to  the  two  listening  com- 
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Figure  99.  Rack  mounting  for  receivers. 

mutators  (sum-and-difference  listening  commutators 
and  respective  preamplifiers)  were  connected  to  the 
sum-and-difference  channel  inputs  in  the  first  chassis 
of  the  receiver.  Transformers  at  the  inputs  to  the  two 
channels  coupled  the  signals  to  two  varistors  used  as 
vario-losser  circuits  for  RCG,  whose  outputs  were 
transformer-coupled  to  bridge-type  balanced  modu¬ 
lators  using  varistors.  A  local  oscillator  circuit,  using 
one-half  of  a  6SL7  tube  whose  frequency  was  centered 
at  33  kc,  was  coupled  through  one  half  of  a  cathode- 
follower  tube  (6SL7)  to  two  phase-shifting  circuits. 
This  local  oscillator  was  tunable  over  a  range  from  31 
to  35  kc;  since  the  intermediate  frequency  was  7  kc, 
the  receiver  was  tunable  front  24  to  28  kc.  One  of  the 
two  phase-shifting  circuits  was  a  45-degree  lead  line 
which  fed  an  amplifier  tube  (i/2  6SL7),  the  output  of 
which  was  coupled  to  the  varistor  modulator  of  the 
difference  channel.  The  other  phase-shifting  circuit 
was  a  45-degree  lag  line  which  was  connected  to  an 
amplifier  tube  ( \/2  6SL7)  whose  output  was  coupled 
to  the  varistor  modulator  of  the  sum  channel.  The 


output  from  the  varistor  modulator  in  each  channel 
was  coupled  to  a  band-pass  filter  which  selected  the 
difference  frequency.  This  filter  was  a  constant-^ 
section  with  a  design  impedance  of  600  ohms.  It  had 
a  band  width  of  2.6  kc,  3  db  down  from  the  maxi¬ 
mum,  centered  at  7  kc.  Its  rejection  requirements 
were  eased  by  the  fact  that  the  modulator  was  a  bal¬ 
anced  carrier-suppression  type.  To  pass  a  total  dop- 
pler  shift  of  ±40  knots,  including  both  own  doppler 
and  target  doppler,  a  band  width  of  1.4  kc  was  re¬ 
quired.  The  actual  band  width  used  was  greater  than 
this  to  avoid  possible  phase  differences  between  the 
two  filters  in  the  two  channels  near  the  cutoff  fre¬ 
quencies.  The  response  characteristic  of  one  of  these 
filters  is  shown  in  Figure  106.  It  was  found  that  the 
two  filters  agreed  in  response  over  the  pass  band  to 


Figure  100.  Block  diagram  of  BDI  listening  receiver, 
26-kc  DSS. 
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Figure  101.  Vector  relations  for  snm-and-difTcrcncc  BDI. 


within  ±i/,  db.  As  shown  in  Figure  107,  maximum 
phase  differences  between  the  two  filters  were  within 
±2  degrees  over  the  range  to  the  —30  lb  down 
points  in  the  frequency  response. 

Since  a  90-degree  phase  difference  had  been  intro¬ 
duced  between  the  voltages  applied  from  the  local 
oscillator  to  the  two  varistor  modulators,  there  was  a 
90-degree  difference  between  the  side-band  signals 
selected  by  these  two  band-pass  filters.  The  output  of 
each  of  the  filters  was  transformer-coupled  to  a  two- 
stage  amplifier  (6SL7),  which  was  stabilized  by  about 
18  db  of  negative  feedback  and  which  had  a  gain  of 
about  40  db.  The  output  of  this  amplifier  teas  trans¬ 
former-coupled  at  a  600-ohm  level  (in  each  channel) 
to  the  second  chassis  of  the  receiver.  At  the  input  of 
the  second  chassis,  the  signals  in  the  two  channels 
were  applied  to  two  varistor  vario-losscr  circuits  for 
manual  gain  control.  Approximately  40  db  of  gain 
control  was  available,  this  control  being  achieved  by 
applying  d-c  voltage  from  a  voltage  divider  to  both  of 
the  varistor  circuits  simultaneously.  The  signals  from 
these  varistors  were  amplified  by  two-stage  amplifiers 
(6SL7)  identical  to  those  described  above,  whose  out¬ 
puts  were  applied  to  a  phase-sensitive  rectifier  circuit 
using  a  6SL7  tube.  The  filtered  output  from  this 
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rectifier  was  a  push-pull  d-c  signal  which  fed  the  grids 
of  a  push-pull  d-c  amplifier  (6V6  tubes).  The  plates  of 
the  amplifier  were  connected  to  the  deflection  coils  of 
the  BDI  right-left  indicator  in  order  to  give  the  right- 
left  indication.  A  small  potentiometer  in  the  cathode 
circuits  of  the  6V6  tubes  allowed  for  a  centering  ad¬ 
justment  when  tubes  were  changed.  When  the  ampli¬ 
fier  was  in  use,  no  centering  adjustment  was  necessary. 

The  output  signal  from  the  two-stage  amplifier  in 
the  sum  channel  was  connected  to  the  phase-sensitive 
rectifier  and  to  a  modulator  circuit  using  i/2  6SL7.  A 


Figure  105.  Power  supply  for  26-kc  receivers  and  indi- 
cators. 
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Fk.i  rk  106.  H1)I  listening  receiver,  i-f  filter  response. 

signal  of  7.5  kc  from  a  beat-frequency  oscillator  was 
also  applied  to  the  modulator,  whose  output  was  fil¬ 
tered  to  remove  the  high  frequencies  and  ,to  choose 
the  difference  frequency.  T  his  difference  frequency 
(500  c)  was  amplified  by  the  second  \/2  6SL7  and  the 
output  was  coupled  to  an  audio  filter,  peaked  at  500 
c  to  reduce  further  the  amount  of  intermediate-fre¬ 
quency  (7-kc)  signal  present.  The  audio  output  signal 
from  the  amplifier  (i/2  6SL7)  was  applied  to  a  power 
amplifier  (CAT))  whose  output  was  passed  through  a 
transformer  to  drive  the  loudspeaker  and  the  range 
recorder  at  500-olnn  impedance  level  with  a  maxi¬ 
mum  unclistorted  output  capability  of  about  2  watts. 

Further,  the  audio  signal  from  the  1/4  0SL7  ampli¬ 
fier  was  applied  to  the  brightening  circuit  for  the  BDI 
scope.  In  this  circuit,  the  signal  was  amplified  in  a 


1/2  fiSI  .7  triodc  and  then  rectified  in  a  ^4  6SL7  used  as 
a  diode.  The  d-c  output  of  this  tube  was  filtered  and 
fed  to  a  d-c  amplifier  (t/L,  6SL7)  used  as  a  cathode 
follower,  whose  output  was  limited  by  a  biased  recti¬ 
fier  (1/4  6SL7  used  as  a  diode).  The  limited  signal 
was  applied  to  the  brightening  grid  of  the  BDI 
cathode-ray  tube. 

Audio  signal  from  the  1/4  6SL7  amplifier  was  also 
applied  to  an  RCG  circuit.  This  circuit  was  identical 
to  that  in  the  brightening  receiver  (see  Section  6.6.2 
on  scanning  receivers),  except  that  the  negative 
voltage  developed  on  the  RCG  capacitor  was  applied 
to  the  grid  of  a  y2  6.SL7.  The  d-c  voltage  developed 
across  the  cathode  resistor  for  this  tube  was  connected 
to  the  RCG  varistor  at  the  input  of  each  receiver 
channel.  The  total  range  of  RCG  thus  available  was 
40  db  in  each  channel. 

A  power  supply  chassis  prov  ided  filament  and  posi¬ 
tive  voltage  for  the  BDI  listening  receiv  er,  also  a  neg¬ 
ative  voltage  (350  volts)  for  the  sweep  on  the  BDI 
indicator. 

The  maximum  gain  of  the  amplifier,  measured 
from  the  input  grids  of  the  preamplifiers  associated 
with  the  receiver  to  the  grids  of  the  deflection  ampli¬ 
fiers,  was  140  dl>  for  each  channel.  Variation  in  gain 
was  accomplished  by  varistors  as  described  above. 
Since  the  control  voltage,  either  in  the  manual  gain 
control  or  the  RCG  control,  was  applied  to  a  pair  of 


Fk.i  rk  107.  B1M  listening  receiver,  phase  differences  be-  Fiouri:  108.  Varistor  balanced  modulator,  output  versus 

tween  channels  versus  frequency.  input,  various  varistor  units. 
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Figure  109.  Top  view  of  BDI  listening  receiver. 


varistors  simultaneously  (one  in  each  channel),  the 
gain  in  the  channels  tracked  to  within  one-half  deci¬ 
bel  throughout  the  control  range  of  80  db,  (40  db  of 
manual  control  and  40  db  of  RCG).  Figure  108  shows 
the  control  range  for  four  varistors. 

Under  normal  darkened  sound  room  conditions, 
the  cathode-ray  tube  used  in  the  BDI  first  showed  a 
brightened  spot  for  a  voltage  of  about  1  volt,  with  re¬ 
spect  to  ground,  applied  to  the  brightening  electrode. 
Since  the  maximum  voltage  allowable  without  defo- 
cusing  was  about  38  volts,  the  brightening  limiter 
tube  at  the  output  of  the  brightening  circuit  was  set 
to  begin  to  limit  at  this  voltage.  To  avoid  any  bright¬ 
ening  from  electrical  noise  and  water  noise,  voltages 
due  to  such  noises  had  to  be  kept  down  to  about  1 
volt  at  the  output  of  the  brightening  circuit.  It  was 
found,  as  for  the  scanning  receiver,  that  water  noise 
at  the  input  to  the  preamplifiers  overshadowed  any 
electrical  noise,  and  amounted,  under  average  condi¬ 
tions,  to  about  1  /xv  on  the  first  grids  of  the  preampli¬ 
fiers. 

In  order  to  obtain  proper  operation  of  this  re¬ 
ceiver,  considerable  care  had  to  be  taken  in  actual 
layout  and  construction.  The  channels  were  made  as 
symmetrical  as  possible  to  avoid  such  incidental 
phase  shifts  and  variations  in  gain  as  were  caused 
solely  by  placement  of  components.  Figure  109  shows 
the  top  of  receiver  chassis  No.  1  and  No.  2,  and  Fig¬ 
ure  110  shows  the  bottom  view  of  the  same  two  chas¬ 
sis.  Figure  99  shows  the  rack  mounting  of  the  receiver. 

Following  bench  tests,  a  preliminary  test  of  the 
BDI  listening  receiver  was  made  aboard  the  USS 
Galaxy,  demonstrating  BDI  operation  of  the  system 
on  a  QC  projector  and  proving  the  tunability  of  the 
receiver.  Preliminary  values  of  gain  and  RCG  were 
set  up  at  this  time.  Later  this  BDI  listening  receiver 


CHASSIS  tic.  2  CHASSIS  No  i 


Figure  110.  Bottom  view  of  BDI  listening  receiver. 


was  used  on  the  installation  of  depth-scanning  sonar 
on  the  USS  Cythera.  Since  it  was  a  first  development 
unit,  it  was  subjected  to  a  number  of  tests  and  modi¬ 
fied  in  a  number  of  particulars  before  it  operated 
properly. 

The  gain-control  circuits  were  subjected  to  consi¬ 
derable  attention.  The  range  of  RCG  available  was 
only  40  db,  obtained  by  means  of  the  varistor  circuit 
at  the  input  to  the  first  chassis  of  the  receiver.  This 
was  found  to  be  insufficient,  partly  because  of  the 
very  strong  bottom  echo.  For  this  reason,  the  set  of 
varistors  used  for  gain  control  purposes  at  the  input 
of  chassis  No.  Z  were  connected  for  RCG  operation, 
giving  a  total  of  80  db  of  RCG  range.  The  maximum 
gain  of  the  receiver  was  set  manually.  Any  reduction 
of  gain  from  the  maximum  possible  from  the  receiver 
then  limited  the  amount  of  RCG  available.  Thus,  if 
the  maximum  gain  was  manually  lowered  by  40  db, 
only  40  db  of  useful  RCG  was  available.  Later  tests 
on  the  operation  of  the  receiver  indicated  that  the 
varistor  gain-control  circuits  caused  some  phase  dis¬ 
tortion  between  the  signals  in  the  two  channels  as  a 
function  of  the  control  signal.  This  was  important 
because  the  individual  varistors  behaved  differently, 
destroying  the  uniformity  of  phase  between  the  two 
channels  of  the  amplifier.  Further,  for  certain  values 
of  high-frequency  signal  and  control  signal,  the  vari¬ 
stors  produced  considerable  distortion.  This  did  not 
cause  trouble  in  the  first  chassis,  since  the  varistors’ 
gain-control  circuit  was  followed  in  the  receiver  by  a 
filter  section  selecting  the  desired  frequency  and  re¬ 
jecting  any  distortion  products.  However,  in  the  sec¬ 
ond  chassis  no  such  filter  was  present,  and  the  distor¬ 
tion  products  were  applied  directly  to  the  phase- 
sensitive  rectifier.  Again,  different  varistor  units  did 
not  distort  in  the  same  manner,  so  that  the  uniform- 
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ity  of  operation  between  the  channels  was  destroyed. 
The  effect  of  distortion  was  more  important  in  chassis 
No.  2  because  the  signal  was  at  a  higher  level  than  it 
was  at  the  input  of  chassis  No.  1.  To  overcome  this 
difficulty  of  distortion,  it  was  essential  that  the  con¬ 
trol  voltage  on  the  varistors  be  kept  above  a  few 
tenths  of  a  volt,  and  this  left  only  a  small  range  of 
operation  of  the  circuits.  To  increase  the  range  again 
to  a  useful  value,  a  similar  varistor  circuit  was  placed 
just  prior  to  the  input  to  chassis  No.  1  and  a  pair  of 
attenuators  were  added  at  this  same  point  to  provide 
manual  gain  control.  All  manual  gain  control  was 
centered  in  these  attenuators,  and  the  varistor  cir¬ 
cuits  were  set  for  a  constant  control  voltage  and, 
therefore,  for  reasonably  good  operation  in  the  RCG 
circuits.  Figure  97  shotvs  a  top  view  of  this  extra  gain- 
control  chassis,  and  Figure  98  shows  a  bottom  view  of 
the  same  chassis. 

The  RCG  circuit,  as  originally  designed  and  built, 
provided  variation  in  gain  which  was  initiated  by  the 
beginning  reverberation  level  and  then  varied  after¬ 
ward  according  to  the  continuing  reverberation  level. 
The  strength  of  the  bottom  echo  was  great  enough  to 
reinitiate  the  gain  variation  and,  hence,  to  modify  the 
proper  RCG  action  by  reducing  the  gain  to  a  con¬ 
siderable  extent  for  ranges  at  and  just  beyond  the 
value  equal  to  the  depth  of  the  bottom.  For  this  rea¬ 
son,  initiation  of  the  gain  variation  by  the  RCG  cir¬ 
cuit  was  taken  from  the  blanking  pulse  of  the  sweep 
chassis,  so  that  reinitiation  prior  to  the  next  transmis¬ 
sion  was  impossible. 

Because  they  introduced  unequal  phase  shifts,  the 
transformers  coupling  the  two-stage  amplifiers  in  the 
two  channels  of  the  second  chassis  to  the  phase-sensi¬ 
tive  rectifier  were  replaced  by  two  other  transformers 
with  better  characteristics.  The  phase  inequalities 
were  thereby  reduced  and  the  phase-sensitive  rectifier 
operated  properly. 

Considerable  difficulty  was  experienced  due  to  the 
7.5-kc  heterodyne  oscillator  which  produced  the  500-c 
audio  signal,  ft  was  observed  that  this  signal  was  leak¬ 
ing  into  the  intermediate-frequency  stages  of  the  re¬ 
ceiver  which  operated  at  7  kc.  It  was  very  difficult  to 
remove  this  leakage  completely  because  rearrange¬ 
ment  of  parts,  more  effective  shielding,  and  a  more 
suitable  selection  of  frequencies  would  have  been 
necessary. 

BDI  deflection  curves  were  taken  for  the  receiver 
by  using  a  signal  from  the  deep  monitor  as  a  test  sig¬ 
nal.  Figure  1 1 1  shows  the  curves  taken  with  the  bcar- 


Ek.i'ki  111.  Measured  BI)1  deflection  curves. 


ing  of  the  deep  monitor  arbitrarily  set  at  0  degrees. 
'I’he  fact  that  the  curves  do  not  all  intersect  the  hori¬ 
zontal  axis  at  0  degrees  is  primarily  because  it  was  not 
possible  to  set  the  transducer  accurately  to  a  desired 
bearing.  While  taking  data,  the  gain  of  the  difference 
channel  was  held  constant,  and  relative  gains  of  the 
two  channels  were  varied  by  changing  the  gain  of  the 
sunt  channel.  The  curve  for  the  ratio  equal  to  unity 
( 9  —  90°)  was  taken  as  the  best  curve  for  normal 
operation. 

The  tests  on  the  USS  Cythera  and  first  construc¬ 
tion  difficulties  led  to  several  suggestions  for  im¬ 
proved  design  and  construction  of  receivers  for  this 
system.  The  necessity  for  uniformity  of  amplitude 
and  phase  for  the  two  channels  of  the  amplifier  limits 
the  use  of  varistors  for  gain  control  purposes  to  the 
regions  of  varistor  operation  which  do  not  produce 
phase  or  amplitude  distortion.  Such  distortions  can 
be  accepted  only  if  they  arc  identical  for  each  varistor 
circuit.  Under  these  conditions,  it  is  desirable  to  fol¬ 
low'  them  with  suitable  filters  to  reject  all  harmonics 
generated.  The  use  of  varistors  as  modulators  is  satis¬ 
factory,  provided  a  filter  is  used  to  select  the  proper 
side  band.  Since  there  is  a  restriction  of  the  operation 
range  of  varistor  vario-losscrs  when  they  are  used  for 
gain  control  purposes,  it  wras  proposed  that  auxiliary 
manual  gain  controls  be  provided  for  the  two  chan¬ 
nels.  These  would  be  in  the  form  of  standard  matched 
attenuators  mounted  on  a  common  shaft  and  oper¬ 
ated  remotely  by  a  servo  mechanism.  It  was  also  sug¬ 
gested  that  other  forms  of  circuits  using  varistors  be 
investigated,  such  as  that  in  which  the  varistor  forms 
one  part  of  a  potentiometer. 
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Figure  112.  Block  diagram  of  integrated  Type  B  sonar  scanning  receivers. 
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OUTPUT  VOLTAGE  PROPORTIONAL 
TO  INPUT  VOLTAGE 

Fikckk  1 13.  Varistor-l>riclj>c  balanced-modulator  circuit. 

A  better  selection  of  frequencies  for  the  receiver 
oscillators  might  make  it  possible  to  avoid  cross  talk 
between  the  intermediate-frequency  channel  and 
both  local  oscillators,  and  still  allow  maximum  sim¬ 
plicity  in  constructing  filters  used  in  the  intermedi¬ 
ate-frequency  portion  of  the  receiver. 

6.6.4  Receivers  for  Integrated  T ype  B  Sonar 
General  Considerations 

The  receivers  for  integrated  Type  I!  sonar  were  de¬ 
signed  so  that  they  would  include  the  best  features  of 
and  suggestions  for  improvements  arising  from  tests 
on  the  26-kc  DSS  receivers.  In  general,  therefore,  the 
designs  were  similar  to  those  described  in  the  two 
previous  sections.  Three  receivers  were  designed: 
these  were  an  azimuth-scanning  receiver,  a  depth- 
scanning  receiver,  and  a  HI)I  listening  receiver.  Ori¬ 
ginal  plans  called  for  these  units  to  be  built  as  nearly 
identical  as  possible  so  that  parts  and  circuits  could 
be  standardized  for  manufacturing  and  maintenance. 
Thus,  in  this  design,  all  preamplifiers  would  he  made 
the  same.  The  receivers  are  to  be  provided  with  suit¬ 
able  oscillators  so  that  a  common  intermediate  fre¬ 
quency,  and,  therefore,  identical  intermediate-fre¬ 
quency  channels,  can  be  used  for  all  three  receivers. 
Amplifier  sections  in  the  receivers  are  built  as  pack¬ 
aged  units  incorporating  feedback-stabilized  sections 
to  give  suitable  gain  and  phase-shift  stability. 

Control  of  these  receivers  was  designed  to  allow  in¬ 
dependent  tuning  of  depth  or  azimuth  systems.  At 
the  same  time,  a  switching  arrangement  is  to  be  pro¬ 
vided  to  use  the  BDI  listening  receiver  on  either  the 
depth  or  azimuth  system.  Gain  control  is  carried  out 
by  a  varistor  vario-losscr  circuit.  Other  methods  were 
suggested  because  difficulties  were  experienced  with 


the  bridge-type  vario-losscr  circuits  (including  cath¬ 
ode-bias,  grid-bias,  and  attenuator  controls).  The 
final  design  will  await  further  experimental  work. 
The  listening  receivers  are  to  be  supplied  with  com¬ 
puted  corrections  for  own-dopplcr  frequency  shifts 
but  no  dopplcr  correction  was  planned  for  the  scan¬ 
ning  receivers.  The  possibility  of  applying  oiun-dop- 
ph:r  niillificr  [ODN]  to  the  scanning  channel  and  co¬ 
ordinating  the  scanning  and  listening  ODN  func¬ 
tions  is  discussed  in  Chapter  10.  A  test  switch  is  to  be 
provided  for  suitable  routine  test  operations. 

6.6.5  Preamplifiers  for  Integrated  Type  B 
Sonar 

Figure  73  shows  the  wiring  diagram  for  the  pre¬ 
amplifier.  This  design  does  not  include  tuning  so  that 
the  preamplifier  may  be  used  in  either  the  depth  or 
azimuth  system.  The  design  is  conventional,  using  a 
two-tube  resistance-coupled  amplifier  with  negative 
feedback  applied  from  the  plate  of  the  second  stage 
to  the  cathode  of  the  first  stage.  The  output  from  this 
two-tube  amplifier  is  coupled  to  a  tube  used  as  a  cath¬ 
ode  follower,  to  provide  a  low  impedance  output  for 
coupling  to  succeeding  stages  of  the  receivers.  Prelim¬ 
inary  attempts  to  improve  stability  still  further,  by 
including  the  third  tube  in  the  feedback  loop,  showed 
that  such  a  design  was  undesirably  critical  in  choice 
of  components. 

The  power  supply  is  conventional.  A  high  resist¬ 
ance  is  located  between  the  power  supply  and  the 
high-voltage  input  to  the  amplifier.  This  resistor  is 
short-circuited  by  means  of  the  scnd-receive  relay  dur¬ 
ing  the  receiving  interval  to  allow  normal  operation 
of  the  preamplifier.  During  the  transmitting  interval 
the  resistor  is  not  short-circuited  and  the  gain  of  the 
amplifier  is  very  low  to  minimize  leakage  voltage 
from  the  transmitted  signal. 

This  preamplifier  was  designed  for  mounting  on 
the  cradle  supporting  a  commutator,  and  the  chassis 
layout  was  planned  with  this  in  mind.  The  chassis  is 
shock-mounted  to  avoid  vibration  from  the  commu¬ 
tators  or  other  sources. 

6  6  6  Scanning  Receivers  for  Integrated 
Type  B  Sonar 

The  preliminary  block  diagram  showing  the  de¬ 
sign  of  the  two  scanning  receivers  is  shown  in  Figure 
1 12.  In  this  design,  an  input  circuit  is  coupled  to  an 
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RCG  circuit,  followed  by  a  mixer  to  produce  the  in¬ 
termediate  frequency.  The  mixer  output  is  coupled 
to  another  RCG  circuit,  which  also  incorporates  the 
manual  gain  circuit.  Next  is  the  intermediate-fre¬ 
quency  filter,  which  selects  the  proper  side  band  from 
the  mixer.  The  output  from  the  filter  is  amplified  and 
passed  to  a  rectifier  which  includes  a  limiter.  This 
rectified  output  is  then  applied  to  the  brightening 
grid  of  the  cathode-ray  tube  in  the  appropriate  indi¬ 
cator. 

These  two  receivers,  for  the  depth  and  azimuth 
systems,  were  designed  to  be  identical  except  for  the 
input  circuits.  Each  input  circuit  includes  a  band¬ 
pass  filter  which  selects  the  proper  signal  from  the 
associated  preamplifier.  Thus,  for  the  azimuth  sys¬ 
tem  the  signal  from  the  preamplifier  is  26  kc,  and  the 
filter  is  set  for  a  center  frequency  of  26  kc.  Likewise, 
for  the  depth  system  the  signal  from  the  preamplifier 
is  38  kc,  and  the  filter  is  set  for  a  center  frequency  of 
38  kc.  The  RCG  and  manual  gain-control  circuits  use 
varistor  units.  Coupling  to  the  varistor  circuits  uti¬ 
lizes  transformers  because  of  the  low  impedance  of 
the  varistor  bridge  circuits.  The  filter  in  the  input 
circuit  is  of  low  impedance,  since  it  couples  from  a 
cathode  follower  in  the  preamplifier  into  a  low-im¬ 
pedance  varistor  circuit.  Where  filters  are  followed 
or  preceded  by  low-impedance  varistor  circuits,  the 
filters  are  of  balanced  form  in  order  to  avoid  the  use 
of  coupling  transformers.  The  filters  at  the  inputs  of 
the  receivers  are  carefully  constructed  to  be  as  nearly 
identical  as  possible.  The  filters  in  the  intermediate- 
frequency  section  of  the  receivers  are  also  carefully 
constructed  so  that  they  can  be  interchangeable  and 
can  have  definite  values  of  loss  and  phase-shift  charac¬ 
teristics.  The  two  scanning  receivers  are,  therefore, 
practically  interchangeable  in  this  design  except  for 
the  input  filters. 

The  oscillators  for  these  receivers  were  designed  as 
parts  of  a  special  oscillator  chassis,  to  allow  tuning  of 
the  complete  depth  and  azimuth  systems  by  means  of 
only  two  tuning  controls.  The  oscillators  for  the  scan¬ 
ning  receivers  are  of  conventional  design,  and  the 
tuning  capacitors  are  mounted  on  the  two  shafts  used 
for  tuning  control  of  the  two  systems. 

6.6.7  jjdi  Listening  Receiver  for  Integrated 
Type  B  Sonar 

As  shown  in  Figure  112,  the  BDI  listening  receiver 
for  integrated  Type  B  sonar  is  to  the  sum-and-differ- 


ence  type.58  The  general  operation  of  the  receiver  is 
the  same  as  before.  The  input  circuits  were  designed 
to  include  the  filters  necessary  to  choose  the  proper 
frequency  from  the  outputs  of  the  two  preamplifiers. 
Switching  is  provided  to  connect  the  proper  local 
oscillator,  depending  on  the  use  of  the  receiver  in  the 
depth  or  azimuth  system.  The  same  switch  connects 
suitable  lead-lag  lines  to  produce  the  90-degree  phase 
shift  of  the  injection  signals  to  the  two  mixers.  The 
outputs  from  the  receiver  are  to  be  applied  to  the 
BDI  scope,  the  recorder,  and  loudspeaker,  and  are  to 
be  utilized  in  the  RCG  circuit  which  operates  on  the 
general  principles  discussed  in  the  two  foregoing  sec¬ 
tions. 

The  two  channels  of  this  receiver  were  designed  to 
be  as  nearly  identical  as  possible.  The  filters  in  the 
input  circuits  are  identical  with  the  ones  used  in  the 
scanning  receivers  and  are  built  with  sufficient  care  so 
that  the  phase  and  amplitude  characteristics  of  the 
two  filters  are  close  enough  to  meet  the  requirements 
of  uniformity  necessary  between  the  two  channels. 
The  RCG  and  manual  gain-control  circuits  and 
mixers  use  varistor  units.  Coupling  to  the  varistor 
circuits  is  accomplished  the  same  way  as  in  the  scan¬ 
ning  receiver.  The  filters  in  intermediate  frequency 
portions  df  the  channels  are  identical  in  center  fre¬ 
quency  with  those  used  in  the  scanning  receivers,  and 
constructed  with  sufficient  care  to  meet  the  require¬ 
ments  of  phase  and  amplitude  necessary  for  the  BDI 
listening  receiver.  A  narrower  pass  band  is  desirable 
in  order  to  take  full  advantage  of  the  longer  pulse 
length.  The  amplifiers  in  the  receiver  are  composed 
of  two-stage  feedback-stabilized  units  as  described 
earlier  in  the  present  section.  The  only  exceptions 
are  the  driver  stage  for  the  audio  signal  to  the  loud¬ 
speaker  and  the  range  recorder,  and  the  d-c  deflection 
amplifier  at  the  output  of  the  BDI  phase-sensitive  rec¬ 
tifier,  which  are  similar  to  those  used  in  the  26-kc 
DSS.  The  rectifier  and  limiter  in  the  brightening  cir¬ 
cuit  include  a  better  limiting  circuit  than  that  used  in 
the  26-kc  DSS. 

The  choice  of  the  intermediate  frequency  for  the 
receivers  was  determined  by  two  factors:  (1)  ease  in 
construction  of  the  necessary  filters;  and  (2)  selection 
of  a  frequency  that  would  be  sufficiently  removed 
from  the  various  oscillator  frequencies  to  facilitate 
the  elimination  of  cross  talk.  The  particular  value  of 
18.5  kc  was  found  to  satisfy  these  two  requirements 
fairly  well  for  both  azimuth  and  depth  systems  of  the 
integrated  Type  B  sonar. 
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The  oscillators  for  this  receiver  are  of  conventional 
design  and  were  designed  as  parts  of  the  special  oscil¬ 
lator  chassis  described  previously.  The  oscillators  are 
also  provided  with  variable  capacitors  controlled  by 
a  servo  system  for  ODN. 


6-6-8  Control  Circuits  for  Receivers  for 
Integrated  Type  B  Sonar 


All  three  receiver  designs  described  in  the  previous 
section  use  varistor-bridge  circuits  for  both  gain  con¬ 
trol  and  mixer  functions.  The  varistor-bridge  bal¬ 
anced-modulator  circuit  operated  very  satisfactorily 
for  the  mixer  function  in  the  26-kc  DSS,  since  the  in¬ 
jection  voltage  from  the  oscillator  was  always  greater 
than  the  signal  voltage.  The  output  voltage  at  inter¬ 
mediate  frequency,  therefore,  was  always  a  linear 
function  of  the  input  voltage  at  received  high  fre¬ 
quency.  The  side-band  output  bore  a  definite  phase 
relationship  to  the  input  signal  and  injection  signal, 
independent  of  the  level  of  the  input  signal.  This 
type  of  circuit  is  illustrated  in  Figure  1 13.  It  had  the 
further  advantage  of  balancing  out  both  applied 
voltages,  thus  easing  requirements  on  the  subsequent 
filter. 

The  varistor-bridge  vario-losscr  circuit  did  not  ful¬ 
fill  the  gain-control  function  as  well  as  the  mixer 
function.  In  use  as  a  gain-control  circuit  the  injection 
voltage  was  a  variable  d-c  control  voltage,  so  that  the 
output  varied  in  some  manner  according  to  this  d-c 
voltage  when  the  input  voltage  was  constant.  This 
type  of  circuit  is  illustrated  in  Figure  1 14.  The  oper¬ 
ation  of  this  circuit  was  reasonably  satisfactory  when 
the  control  voltage  was  kept  always  larger  than  the 
input  signal  voltage.  The  output  then  was  a  linear 
function  of  the  control  voltage,  and  the  phase  shift 
between  the  input  and  output  voltages  remained  es- 
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Figure  114.  Bridge-type  varistor  vario-losser  circuit  for 
gain  control. 


VOLTAGE 

Figure  )1">.  Varistor  potentiometer  gain-control  circuit. 


sentially  constant.  However,  when  the  control  voltage 
was  of  the  order  of  magnitude  of  the  input  voltage  or 
lower,  the  vario-losscr  circuit  produced  distortion  in 
the  output  voltage  and  the  phase  shift  through  the 
circuit  no  longer  remained  constant.  For  these  rea¬ 
sons,  it  was  necessary  to  restrict  the  range  of  operation 
of  the  varistor  vario-losser  circuits  in  the  26-kc  DSS. 
This  limited  the  amount  of  gain  control  available  for 
a  given  vario-losser  circuit,  so  that  additional  vario- 
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unicontrol  system. 
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losser  circuits  were  incorporated  to  give  the  necessary 
amount  of  control. 

The  definite  advantage  of  the  varistor  vario-losser 
circuit  was  that  the  control  was  the  same  for  any 
varistor  assembly  selected  at  random,  provided  that 
the  above  restrictions  were  observed.  Also,  the  con¬ 
trol  voltage  was  a  d-c  voltage,  so  that  remote  control 
was  easily  available.  With  these  circuits  it  was  readily 
possible  to  obtain  instantaneous,  identical,  remotely 
controlled  gain  for  two  channels.  This  was  the  most 
important  consideration  in  recommending  their  use 
for  gain  control  in  the  BDI  listening  receiver  for  the 
integrated  Type  B  sonar.  The  instantaneous  change 
of  gain  was  extremely  useful  in  obtaining  rapid  RCG, 
and  the  remote  feature  made  remote  manual  gain 
control  simple. 

The  remote  manual  gain-control  feature  in  this 
design  was  intended  at  first  merely  to  vary  the  maxi¬ 
mum  d-c  voltage  applied  to  the  varistor  circuits  and 
thus  to  limit  the  maximum  gain.  This  method,  how¬ 
ever,  further  restricted  the  amount  of  RCG  available. 
A  separate  varistor  could  be  added  for  this  manual 
gain  control.  It  was  suggested  to  use  a  pair  of  attenu¬ 
ators  on  a  common  shaft,  as  a  method  of  applying 
manual  gain  control  for  the  two  channels  of  the  BDI 
listening  receiver.  This  method  does  not  lend  itself 
to  remote  control  except  by  means  of  a  servo  system 
to  rotate  the  attenuator  shaft,  and  it  cannot  be  made 
instantaneous  as  is  required  for  RCG.  For  a  single¬ 
channel  receiver  such  as  the  scanning  receivers,  where 
tracking  between  two  channels  is  not  required,  in¬ 
stantaneous  and  remote  control  may  be  obtained  by 
using  a  variable  d-c  cathode  bias  or  grid  bias.  Such  a 
system  was  used  on  the  scanning  receiver  for  26-kc 
DSS,  using  cathode-bias  control,  but  could  not  be 
used  in  two  channels  where  identical  control  is  neces¬ 
sary,  because  the  control  function  changes  consider¬ 
ably  from  one  tube  to  another  when  chosen  from 
stock. 

A  potentiometer-type  vario-losser  circuit  as  shown 
in  Figure  115  was  suggested.  This  circuit  utilizes  the 
variation  in  impedance  of  the  varistor  units  as  a  func¬ 
tion  of  the  d-c  control  voltage,  to  control  the  gain  of 
an  amplifier  stage.  It  was  expected  that  this  method 
might  prove  useful  if  the  phase  shift,  produced  by  the 
varistor  units  as  a  function  of  d-c  control  voltage,  was 
not  too  great  and  did  not  vary  appreciably  from  unit 
to  unit. 

It  was  concluded  in  the  design  that  gain  control 
should  be  obtained  with  varistor  circuits  if  the  diffi¬ 


culties  with  these  circuits  could  be  resolved  in  further 
investigation.  It  was  also  concluded  that  filters  should 
be  added  after  all  varistor  circuits  in  order  to  remove 
any  harmonics  generated. 

Tuning  control  of  the  receivers  is  obtained  by 
mounting  all  the  various  oscillators  on  the  same 
chassis.  Both  tuning  capacitors  for  the  azimuth  sys¬ 
tem  are  mounted  on  one  shaft,  and  both  tuning  capa¬ 
citors  for  the  depth  system  are  mounted  on  another 
shaft.  Thus  only  one  control  will  be  needed  for  tun¬ 
ing  each  system,  and  the  tuning  controls  will  be  inde¬ 
pendent  of  each  other.  Unicontrol  of  frequency  (de¬ 
scribed  previously)  will  be  used  for  each  system. 

In  order  to  allow  operation  of  the  BDI  listening 
receiver  in  either  the  depth  or  the  azimuth  system,  a 
search-attack  switch  is  used.  The  functional  arrange¬ 
ment  of  this  switch  is  shown  in  Figure  116,  insofar  as 
it  involves  the  receivers;  the  unicontrol  features  are 
not  shown.  The  attack-search  switch  connects  the 
proper  mixer  oscillator  to  the  mixer  through  the 
proper  lead-lag  line.  Simultaneously  when  transfer¬ 
ring  from  search  to  attack,  it  transfers  the  input 
signal  from  the  azimuth  system  to  the  depth  system 
and  selects  the  proper  filters  at  the  input  to  the 
receiver. 

In  this  design  ODN  is  obtained  by  means  of  an 
electrical-mechanical  computer.  A  diagram  of  this 
computer  is  shown  in  Figure  117.  Principles  of  ODN 
correction  are  discussed  in  Chapter  10.  In  order  to 
compute  the  own-doppler  frequency  shift,  it  is  neces¬ 
sary  to  form  the  product  S0  cos  Brq  for  the  azimuth  sys¬ 
tem,  where  S0  is  own-ship’s  speed  and  Br(l  is  the  rela¬ 
tive  bearing  of  the  target.  This  is  done  by  means  of  a 
resolver  (Arma  Type  No.  213044).  The  electrical  in¬ 
put  is  made  proportional  to  own-ship’s  speed  by 
means  of  a  voltage  obtained  from  the  pitometer  log. 
The  rotation  of  the  armature  of  the  resolver  is  made 
proportional  to  Brq  by  attachment  to  the  servo  for 
B,.q.  By  virtue  of  the  operation  of  the  resolver,  the 
electrical  output  is  then  S0  cos  Brq.  By  means  of  the 
attack-search  switch,  this  quantity  is  transmitted  (on 
the  search  position)  to  a  servo  mechanism  which 
positions  the  rotor  of  a  variable  capacitor  by  the  nec¬ 
essary  amount  to  change  the  frequency  of  the  azimuth 
mixer  oscillator,  supplying  the  BDI  listening  re¬ 
ceiver,  so  that  it  compensates  for  the  doppler  shift  in 
the  frequency  of  the  received  sound.  Thus,  it  keeps 
the  intermediate  frequency  of  the  receiver  constant 
at  all  times,  except  for  target  doppler  shift. 

For  the  depth  system,  it  is  necessary  to  compute  the 
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product  S„  cos  Bn/  cos  E,t  as  the  doppler  shift  in  fre- 
cjueney,  where  Eu  is  the  depression  angle  of  the  target. 
To  do  this,  the  electrical  input  to  a  second  resolver  is 
made  proportional  to  S„  cos  as  described  above. 
The  armature  of  this  second  resolver  is  rotated  by 
means  of  the  E,,  servo,  described  in  the  previous  sec¬ 
tion  on  indicators.  By  the  operation  of  this  resolver, 
the  electrical  output  is.S„  cos cos  E,r  By  means  of  the 
search-attack  switch,  this  quantity  is  applied  (on  at¬ 
tack)  to  the  same  servo  mechanism  and  positions  a 
second  variable  capacitor  on  the  same  shaft  as  the 
first.  This  second  capacitor  adjusts  the  frequency  of 
the  depth  mixer  oscillator  supplying  the  BDI  listen¬ 
ing  receiver  by  the  amount  necessary  to  compensate 
for  the  doppler  shift  in  the  frequency  of  the  received 
sound  and  to  keep  the  intermediate  frequency  of  the 
receiver  constant  at  all  times,  except  for  target  dop¬ 
pler  shift.  The  ODN  capacitance  change  is,  in  each 
case,  independent  of  receiver  tuning  and,  therefore, 


1-1CI  RI  J!‘l.  Block  diagram  of  transmitter  for  2fi-kc 
depth -scanning  sonar. 


subject  to  slight  errors.  (Sec  Chapter  10.)  However, 
with  the  intermediate  frequency  used,  and  with 
proper  choice  of  L/C  ratios,  these  errors  are  kept  to 
only  a  few  cycles  per  second,  even  at  the  extremes  of 
the  useful  tuning  range.  Only  one  capacitor  is  used, 
since  only  one  of  the  two  ODN-controlled  oscillators 
is  working  at  any  given  time,  but  use  of  two  separate 
units  is  relatively  simple  and  reduces  the  possibility 
of  circuit  interaction  through  switch  capacitance.  Be¬ 
cause  the  i-f  pass  band  of  the  BDI  listening  receiver 
will  be  narrower  than  that  in  the  scanning  receivers, 
it  is  desirable  to  use1  the  BDI  listening-mixer  oscilla¬ 
tors  in  the  unicontrol  systems  to  set  the  transmitted 
frequencies.  The  ODN  corrections  must  be  removed 
during  the  transmission  periods.  To  do  this  the  ODN 
capacitors  arc  replaced  with  mean  value  capacitors 
by  using  contacts  on  relays  operated  by  the  keying 
pulses,  as  indicated  in  Figure  118.  Such  switching 
would  be  unnecessary  if  the  scanning-receiver  mixer 
oscillators  were  used  for  unicontrol,  but  such  a  pro¬ 
cedure  would  require  greatly  increased  precision  in 
tracking  the  scanning  and  BDI  listening-mixer  oscil¬ 
lators  for  each  system.  From  the  viewpoint  of  stability 
during  service  the  arrangement  described  above 
seemed  more  desirable. 

6-7  TRANSMITTERS 

6  7,1  Transmitter  for  26-kc  Depth-Scanning 
Sonar 


The  transmitter  used  for  the  2f>-kc  depth-scanning 
sonar  installed  on  the  IJSS  Gythi.ra  was  similar  to 

TS-301 


Fk.i ki  120.  Wiring  diagram  of  transmitter  power  sup¬ 
ply,  Chassis  A,  20-kc  depth-scanning  sonar. 
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that  built  for  the  QH  Model  2  sonar  described  in  119  and  detailed  wiring  diagrams  are  shown  in  Fig- 
Chapter  5,  but  several  modifications  were  made  to  ures  120,  121,  and  122. 

satisfy  requirements  of  the  depth-scanning  sonar.  A  The  major  modification  was  in  the  unicontrol  cir- 
block  diagram  of  the  transmitter  is  shown  in  Figure  cuit.  The  frequency  of  the  local  oscillator  in  the  trans- 


Figure  121.  Wiling  diagram  of  transmitter  keying  power  supply,  Chassis  B,  26-kc  depth-scanning  : 
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mitter  being  only  7  kc  (the  intermediate  frequency  of 
the  BDI  listening  receiver),  the  requirements  on  the 
filter  for  selecting  the  26-kc  side  band  were  more 
stringent.  Its  band  width  was  only  2  kc  at  —  3  db.  The 
keying  circuit  was  modified  so  that  the  scnd-reccivc 
relay  keyed  the  mixer  stage.  The  interstage  couplings, 
which  had  been  originally  designed  to  operate  at  21 
kc,  were  found  satisfactory  for  26-kc  operation. 

The  output  transformer  was  replaced  with  one 
wound  for  a  5-ohm  output  impedance  in  order  to 
match  the  impedance  of  the  depth-scanning  trans¬ 
ducer  and  its  associated  transfer  network. 

The  power  output  from  the  transmitter  was  3/1 -kw 
peak,  measured  into  a  5-ohm  resistive  load.  The  rela¬ 
tive  power  output  (in  per  cent  of  the  peak  value),  as  a 
function  of  load  resistance,  is  shown  in  Figure  123. 
It  is  seen  that  maximum  power  output  was  obtained 
for  a  load  of  6.8  ohms,  slightly  greater  than  the  nomi¬ 
nal  output  impedance.  Control  of  the  output  pulse 
shape  is  discussed  in  the  section  of  Chapter  5  on 
transmitters. 


6-7-2  Controls  for  Transmitter  for  26-kc 
Depth-Scanning  Sonar 

Keying  of  the  transmitter  was  effected  through  a 
scnd-receivc  relay  which  was  actuated  indirectly  by  a 
pulse  from  the  sweep  chassis.  The  various  functions 
of  this  relay  are  illustrated  in  Figure  124.  Three  con¬ 
tacts  were  used  to  mute  the  three  preamplifiers  by 
placing  resistors  between  the  high-voltage  supply 
points  of  the  preamplifiers  and  their  respective  power 
supplies  (sec  Section  6.7.1).  One  contact  was  used  to 
lift  from  ground  the  common  bus  bar  for  the  sum 
transformers  in  the  junction  box.  A  second  contact 
was  used  to  lift  from  ground  the  common  bus  bar  on 
the  coupling  capacitors  from  the  transducer  elements 
to  the  transmitter.  A  third  contact  was  used  to  ener¬ 
gize  the  mixer  tube  in  the  transmitter.  The  relay  coil 
was  energized  from  the  relay  control  tube  in  the 
transmitter. 

Figure  121  shows  details  of  the  keying  circuit  of  the 
transmitter.  The  pulse  from  the  sweep  chassis  was 
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R0  OHMS 

Figure  123.  Power  output  versus  load  resistance  charac¬ 
teristics  of  transmitter,  26-kc  DSS. 


the  XOHA  scanning  sonar  (see  Chapter  5) .  In  this 
design,  the  transmitter  for  the  azimuth  portion  of  the 
system  remains  essentially  the  same,  while  that  for  the 
depth  portion  is  modified  for  operation  at  38  kc  in¬ 
stead  of  26  kc.  This  necessitates  modifications  in  the 
local  oscillator  and  mixer  associated  with  the  uni¬ 
control  tuning  arrangement,  in  the  interstage  coup¬ 
ling  transformers,  and  in  the  output  transformer 
which  was  designed  to  accommodate  the  low  im¬ 
pedance  presented  by  the  HP-8D  depth-scanning 
transducer.  The  modifications  for  unicontrol,  which 
are  described  in  detail  later,  include  the  addition  of 
mixer  stages,  suitable  buffer  amplifiers  to  introduce 
signals  from  the  receiver  oscillators,  and  an  adjust¬ 
ment  of  the  frequency  of  the  local  oscillators  to  suit¬ 
able  values  for  each  transmitter. 

6JA  Control  Circuit  for  Transmitters  for 
Integrated  Type  B  Sonar 


applied  to  the  grid  of  a  6V6  GT  tube  which  con¬ 
ducted  for  the  35-millisecond  duration  of  the  pulse, 
thereby  actuating  the  send-receive  relay. 


6  7-3  Integrated  Type  B  Sonar  Transmitters 

It  was  planned  that  the  two  transmitters  for  the 
integrated  Type  B  sonar  should  be  similar  to  those 
constructed  by  the  Sangamo  Electric  Company  for 
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In  the  design,  the  keying  circuits  for  the  integrated 
Type  B  transmitters  operate  indirectly  by  pulses  from 
the  sweep  chassis  (see  following  section).  These  pulses 
energize  send-receive  relays  through  relay-control 
tubes,  which  mute  the  preamplifiers  in  the  receivers 
during  the  transmitting  interval,  disconnect  the  trans¬ 
fer  networks  for  the  transducers,  and  energize  the 
mixer  tubes  in  the  transmitters.  Thus,  the  relays  will 


XDEPTH  TUNING 


Figure  124.  Send-receive  relay  connections,  26-kc  DSS.  Figure  125.  Unicontrol  system  for  transmitter,  integrated 

Type  B  sonar. 
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have  approximately  the  same  number  of  functions 
and  the  same  operation  as  shown  in  Figure  121. 

Frequency  control  of  the  transmitters  is  obtained 
through  unicontrol  circuits  of  the  type  that  has  been 
described  previously  for  a  single  transmitter.  The 
same  general  arrangement  is  used,  but  in  the  case  of 
integrated  Type  15  sonar  it  is  applied  to  two  trans¬ 
mitters.  Details  of  the  unicontrol  system  as  it  affects 
the  transmitters  are  shown  in  Figure  125.  When 
transmitting,  ODN  compensation  is  removed  from 
the  oscillator  circuits  in  the  receivers,  and  the  oscil¬ 
lator  outputs  are  mixed  with  the  outputs  from  local 
oscillators  in  the  transmitters.  Although,  as  shown,  a 
common  local  oscillator  could  be  used  for  both  trans¬ 
mitters,  it  actually  was  preferable  to  use  two  separate 
oscillators,  one  associated  with  each  transmitter,  in 
order  to  make  better  provision  for  damage  control. 

6  8  SWEEP  AND  COORDINATION  OF 
PING  TIMING 

681  Requirements  and  Functions 

The  general  functions  of  sweep  and  timing  circuits 
have  been  discussed  in  Chapter  5.  The  one  additional 
requirement  for  the  integrated  Type  15  sonar  is  the 
necessity  for  coordinating  operations  of  the  azimuth- 
and  depth-scanning  sonars.  Independent  operation  is 
also  necessary  in  case  of  battle  damage  to  one  of  the 
systems.  The  specific  functions  of  the  sweep  and  tim¬ 
ing  circuits  for  the  integrated  Type  15  sonar  arc:  (1) 
for  azimuth-scanning  sonar,  spiral  sweep  and  blank¬ 
ing  pulse  for  PPI,  and  transmission  pulse  control;  (2) 
for  depth-scanning  sonar,  spiral  sweep  and  blanking 
pulse  for  EPI  and  transmission  pulse  control;  (3)  for 
controls  common  to  both  sonars,  sweep  and  blanking 
pulse  for  15DI,  muting  pulse  for  loudspeaker,  co¬ 
ordination  of  transmission  pulses,  recorder  or  auto¬ 
matic  recycling  of  either  system  or  the  combined  sys¬ 
tems,  and  hand-keying  controls  for  communication. 

68  2  Sweep  Circuits  in  26-kc  Depth- 
Scanning  Sonar 

The  26-kc  depth-scanning  sonar  utilized  sweep  cir¬ 
cuits  very  similar  to  those  used  for  the  QH  Model  2 
sonar,  described  in  detail  in  Chapter  5.  Figure  126 
shows  the  detailed  wiring  diagram.  The  circuit  opera¬ 
tions  were  initiated  by  a  Sangamo  AKU  timer,  with 
available  range  values  of  750,  1,500,  and  3,650  yards. 


The  spiral-sweep  generator  and  blanking  pulse  am¬ 
plifier  were  the  same  as  for  QH  sonar  Model  2  except 
for  the  range  values  mentioned.  A  separate  relay  tube 
and  relay  were  added  to  operate  the  speaker  muting 
during  transmission,  and  to  initiate  the  BDI  sweep 
circuit,  which  was  a  standard  X-3  BDI  circuit58  con¬ 
tained  in  the  BDI  indicator.  The  BDI  sweep  circuit 
is  shown  in  Figure  127.  The  pulse  used  to  operate  the 
transmitter  was  obtained  from  the  blanking  pulse 
amplifier. 

Provision  was  made  for  range-recorder  operation 
of  the  timing  function  by  paralleling  the  contacts  on 
the  range  recorder  with  those  on  the  Sangamo  timer. 
When  the  synchronous  motor  on  the  Sangamo  timer 
was  stopped,  it  delivered  no  pulses  and  the  system 
was  recycled  every  time  the  recorder  stylus  began  a 
sweep. 

Hand  keying  for  underwater  communication  was 
provided,  and  since  the  transmitter  used  a  storage 
type  of  high-voltage  power  supply,  the  120-cycle  mod¬ 
ulation  arrangement  described  in  Chapter  5  was 
used. 

Defects  in  Timing  and  Keying  Circuits 

The  timing  and  the  keying  circuits  of  the  26-kc 
depth-scanning  system  were  not  entirely  satisfactory. 
In  this  system,  the  determination  of  the  ping  length 
depended  upon  the  length  of  contact  of  the  mecha¬ 
nical  contactors.  These  were  not  wholly  reliable  and, 
because  of  the  number  of  capacitivclv  coupled  cir¬ 
cuits  which  tend  to  affect  the  pulse  length,  the  trans¬ 
mitted  pulse  length  was  not  constant  as  range  was 
varied.  As  a  result,  it  was  necessary  from  time  to  time 
to  change  the  bias  on  the  transmitter  relay  tube  in 
order  to  obtain  the  proper  length  of  transmitted 
pulse.  As  has  been  pointed  out  previously,  a  more 
satisfactory  method  of  ping-length  determination  is 
to  use  electronic  circuits  of  the  flip-flop  type  which 
can  be  made  independent  of  other  variables. 

6.8.!i  Timing  and  Coordination  Circuits 
for  Integrated  Type  B  Sonar 

The  timing,  sweep,  and  ping-coordination  circuits 
needed  for  the  integrated  Type  15  sonar  were  by  far 
the  most  complex  circuits  which  have  been  required 
for  scanning  sonar  equipment.50  In  addition  to  the 
various  sweeps  and  blanking  pulses,  it  is  necessary  to 
provide  keying  pulses  for  two  transmitters  (azimuth 
and  depth  systems).  It  is  also  necessary  to  provide  a 
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synchronization  method  whereby  the  keying  interval 
of  the  azimuth  transmitter  is  a  simple  multiple  of  the 
keying  interval  of  the  depth  transmitter  and  syn¬ 
chronous  with  the  keying  of  the  depth  transmitter 
when  both  are  in  use.  Provision  should  be  made  for 
obtaining  signal  inputs  for  the  BDI  listening  re¬ 


ceiver  from  either  the  azimuth  or  the  depth  system, 
and  for  synchronizing  the  BDI  sweep  with  that  of  the 
system  with  which  it  is  being  used.  Since  the  PPI  was 
designed  to  have  an  electronic  cursor,  it  is  necessary 
to  provide  a  relay  which  operates  during  the  period 
of  transmission  and  connects  the  deflection  coils  of 
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Tk.i  ri:  127.  Schematic  diagram  for  bearing  deviation  indicator,  2<>-kc  DSS. 
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Figure  128.  Functional  diagram  of  timing  and  ping  con¬ 
trol  circuits,  integrated  Type  B  sonar. 


the  PPI  to  a  synchro  signal  input.  Provision  should 
be  made  for  automatic  internal  timing  of  the  pings  of 
the  two  systems,  as  well  as  for  the  use  of  the  range 
recorder  as  the  timing  element  in  either  of  the  two 
systems  separately  or  for  timing  both  during  the 
period  of  an  attack.  It  is  necessary  to  provide  circuits 
which  determine  the  ping  length  of  the  two  systems 
accurately  and  independently  of  other  variables. 

The  accompanying  block  diagram  (Figure  128) 
illustrates  the  interrelationship  of  all  these  necessary 
functions  for  the  integrated  Type  B  sonar.  At  the 
top  of  the  diagram  are  the  blocks  representing  the 
azimuth  and  the  depth  consoles.  Two  range  switches 
are  provided,  one  on  each  console.  The  range  switch 
on  the  azimuth  console  always  controls  the  range 
sweep  of  the  PPI  and  also  controls  the  range  sweep 
of  the  BDI  when  the  search-attack  switch  is  in  the 
search  position.  The  range  switch  on  the  depth  con¬ 
sole  always  controls  the  range  sweep  of  the  EPI  and 
also  controls  that  of  the  BDI  when  the  search-attack 
switch  is  in  the  attack  position.  The  dotted  lines  on 
the  block  diagram  indicate  mechanical  linkages  be¬ 
tween  these  switches  and  other  parts  of  the  circuit 
associated  with  them.  The  search-attack  switch  shown 
at  the  bottom  of  the  diagram  is  used  to  change  pri¬ 
mary  control  of  the  sonar  gear  from  the  azimuth  to 
the  depth  system. 

There  are  three  necessary  switching  functions  on 
the  search-attack  switch:  (1)  The  BDI  sweep  is 
changed  over  so  that  it  is  initiated  by  the  timing  cir¬ 
cuits  of  the  depth  system;  (2)  the  blanking  pulse  for 
the  BDI  is  switched  over  so  that  it  also  will  originate 
from  the  depth  system;  and  (5)  whenever  the  depth 
system  is  operating,  the  basic  timing  of  the  azimuth 


ping  is  controlled  by  the  timing  circuits  of  the  depth 
system  through  a  ping  synchronization  circuit,  which 
insures  that  the  interval  between  pings  of  the  azi¬ 
muth  system  is  a  simple  multiple  of  the  ping  interval 
of  the  depth  system  (see  Figure  128).  Two  automatic 
timing  circuits  are  provided,  one  for  the  azimuth 
system  with  possible  intervals  of  1,500  and  3,750 
yards,  and  one  for  the  depth  system  with  possible  in¬ 
tervals  of  600  and  1,200  yards.  In  addition,  a  range 
recorder  is  provided  which  allows  the  possibility  of 
obtaining  any  range  interval  from  about  100  to  3,750 
yards.  It  is  supplied  with  marking  signal  from  the 
BDI  listening  receiver,  and  is  arranged  to  supply 
keying  pulses  to  that  system  (depth  or  azimuth)  to 
which  the  BDI  listening  receiver  is  connected. 

Although  these  arrangements  are  quite  compli¬ 
cated,  they  allow  complete  freedom  of  operation  of 
the  components  of  the  Type  B  sonar,  effectively  pro¬ 
viding  four  echo-ranging  systems.  This  insures 
against  breakdown  of  any  fraction  of  the  equipment, 
as  it  is  possible  to  obtain  echo-ranging  information 
from  other  combinations  of  the  equipment  not  af¬ 
fected  by  the  breakdown.  The  four  possible  echo¬ 
ranging  systems  are:  (1)  listening,  range  recorder,  and 
BDI  using  azimuth  transducer;  (2)  listening,  range 
recorder,  and  BDI  using  depth  transducer;  (3)  scan¬ 
ning  in  azimuth;  and  (4)  scanning  in  depth.  Each  of 
these  systems  allows  the  operator  to  find  targets  and 
determine  range  and  bearing. 

Figure  129  shows  the  actual  schematic  circuit  dia¬ 
gram  of  one  electronic  system  designed  to  perform 
all  these  functions.  By  the  spring  of  1945  this  system 
had  not  been  used  in  an  integrated  Type  B  sonar, 
but  its  various  portions  had  performed  satisfactorily 
in  breadboard  form.  It  was  planned  that  develop¬ 
ment  work  should  continue  since  other  possible  ar¬ 
rangements  had  been  suggested59  and  seemed  to  merit 
investigation. 

A  consideration  of  the  tuning  and  control  circuits 
described  above  indicates  that  there  are  some  draw¬ 
backs  from  an  operating  standpoint.  Three  main 
switches  are  used  to  set  up  the  operating  conditions 
at  any  time;  the  azimuth-range  switch,  the  depth- 
range  switch,  and  the  attack-search  switch.  Thus,  it  is 
necessary  for  the  operator  or  sonar  officer  to  observe 
the  positions  of  three  switches  in  order  to  determine 
the  mode  of  operation  of  the  system  at  any  given  mo¬ 
ment.  It  is  possible  that  during  the  excitement  of  an 
attack,  errors  can  be  made  in  setting  these  three 
switches. 
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6.8.<  Proposed  Timing  and  Coordination 
Circuit  for  Integrated  Type  B  Sonar 

A  new  system  shown  in  Figure  130  was  proposed  to 
overcome  the  difficulties  mentioned  above.  This  uses 
one  switch  to  perform  all  major  control  functions  of 
the  integrated  system  with  four  available  switch  posi¬ 
tions.  Positions  1  and  2  allow  for  search  procedure 
with  azimuth  ranges  of  3,750  and  1,500  yards  respec¬ 
tively.  The  depth  system  can  be  used  in  these  posi¬ 
tions  but  only  one  automatic  range  (1,200  yards)  is 
available.  Positions  3  and  4  on  the  switch  are  attack 
positions.  In  the  attack  position  only  one  range  (3,750 
yards)  is  available  for  the  azimuth  system.  The  depth 
system,  however,  recycles  automatically  at  1,200-yard 
range  in  position  3  and  at  600-yard  range  in  position 
4.  All  sweep  circuits  are  switched  to  correspond  to 
these  ranges.  This  single  switch  also  controls  the  BI)I 
listening  channel  inputs,  by  automatically  switching 
from  azimuth  to  depth  reception  as  the  switch 
changes  from  search  to  attack  position. 

Since  one  main  switch  performs  the  major  control 
functions  during  an  attack,  the  position  of  this  switch 
immediately  indicates  to  the  operator  or  sonar  offi¬ 
cer  all  of  the  essential  conditions  of  system  operation 
at  any  given  moment.  Furthermore,  the  switch  is  ar¬ 
ranged  so  that  the  extreme  left  (No.  1)  position  is  the 
usual  search  position.  After  contact  with  a  target,  the 
switch  is  arranged  so  that  advancing  it  to  the  right 
one  step  at  a  time  arranges  the  circuits  properly  in  the 
appropriate  sequence  for  attack  procedure.  This  fea¬ 
ture  relieves  the  operators  of  the  responsibility  of  set¬ 
ting  three  switches  for  each  new  operating  condition 
desired  as  the  attack  proceeds. 

It  is  difficult  to  perform  all  switching  functions 
with  a  single  switch  and  yet  maintain  a  high  degree 
of  flexibility  in  the  system.  In  this  design,  auxiliary 
switches  are  provided  to  perform  minor  functions 
and  to  permit  maximum  flexibility  of  operation  of 
the  integrated  system  components.  On-off  switches 
are  provided  in  the  keying  circuits  of  both  the  azi¬ 
muth  and  depth  systems.  These  switches  permit  the 
operator  to  stop  or  start  the  pinging  of  these  two  sys¬ 
tems  independently.  On  the  off  position  the  switch 
permits  noise  listening  with  the  particular  system  in¬ 
volved.  The  on-off  switch  on  the  depth  system  pro¬ 
vides  an  additional  function.  It  is  arranged  so  that 
whenever  it  is  in  the  on  position,  the  automatic  (or 
recorder)  keying  of  the  azimuth  system  is  discon¬ 
nected  and  a  synchronizing  circuit  is  inserted.  This 


allows  the  azimuth  driver  to  ping  only  at  integral 
multiples  of  the  ping  interval  of  the  depth  system. 
This  is  true  whether  the  timing  of  the  ping  is  per¬ 
formed  by  the  automatic  timer  or  by  the  recorder. 
Thus,  if  the  recorder  is  being  used  to  key  the  azimuth 
system  while  the  depth  system  is  inoperative,  and  the 
depth  system  is  suddenly  turned  on,  the  recorder  key¬ 
ing  is  switched  to  the  depth  system  and  the  azimuth 
system  is  synchronized  with  it.  However,  the  signals 
for  the  recorder  trace  continue  to  come  from  the  azi¬ 
muth  system  as  long  as  the  main  control  switch  re¬ 
mains  in  the  search  position. 

Switch  points  on  the  recorder  allow  the  recorder  to 
take  over  complete  control  of  the  timing  of  the  sys¬ 
tem  whenever  the  recorder  is  turned  on.  This  opera¬ 
tion  disconnects  the  automatic  keying  for  both  depth 
and  azimuth  and  provides  instead  a  keying  pulse 
from  the  recorder.  Whether  the  recorder  or  the  azi¬ 
muth  system  times  the  depth  is  determined  by  the 
position  of  the  depth  system  on-off  switch,  as  ex¬ 
plained  before. 

It  is  true  that  this  proposed  system  of  timing  and 
control  circuits  causes  a  slight  loss  in  the  operating 
flexibility  of  the  integrated  Type  B  sonar.  However, 
the  gain  in  operating  ease  due  to  the  simplicity  of  the 
controls  involved  was  expected  to  more  than  offset 
the  loss.  This  control  system  allows  only  one  depth¬ 
scanning  range  (1,200  yards)  while  the  control  switch 
is  on  search.  Only  one  azimuth  range  (3,750  yards)  is 
available  in  the  attack  position.  These  ranges  repre¬ 
sent  those  which  would  normally  be  needed  in  each 
case.  Experience  with  sonar  systems  has  always  indi¬ 
cated  that  operator  controls  should  be  few  and  ex¬ 
tremely  simple.  The  second  of  the  two  control  sys¬ 
tems  described  above  seems  to  meet  these  criteria 
better  than  the  first. 

69  APPRAISAL  OF  INTEGRATED 
TYPE  B  SONAR 

The  work  that  was  carried  out  on  integrated  Type 
B  sonar  at  FIUSL  followed  two  general  lines:  (I)  theo¬ 
retical  and  experimental  investigations  of  depth  scan¬ 
ning;  and  (2)  detailed  design  of  the  integrated  Type 
B  sonar.  The  first  part  of  this  program  called  for 
considerable  research  and  development  work.  The 
depth-scanning  system,  including  stabilization,  was 
set  up  and  tested  on  an  experimental  basis.  The  in¬ 
vestigation  and  experience  with  azimuth-scanning 
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Figure  130.  Functional  diagram  of  suggested  timing 
and  ping  control  circuits,  integrated  Type  B  sonar. 


systems  led  to  the  general  design  of  the  integrated 
Type  B  sonar,  which  was  partially  constructed  but 
not  completed  or  tested  by  HUSL. 

The  experiments  on  depth  scanning  were  success¬ 
ful  to  the  extent  that  the  system  operated  as  expected. 
It  was  found  possible  to  hold  contact  with  a  target 
from  ranges  of  about  1,300  yards  and  at  a  depth  angle 
of  0  degrees,  to  a  depth  angle  of  90  degrees,  with  the 
target  immediately  below  the  experimental  ship.  Re¬ 
verberation  did  not  appear  to  be  a  disturbing  factor, 
but  the  echo  from  the  bottom  of  the  ocean  was  ex¬ 
tremely  disturbing  for  both  the  scanning  and  listen¬ 
ing  portions  of  the  depth  system.  It  was  found  that 
disturbance  because  of  the  bottom  echo  could  be 
minimized  by  transmitting  on  a  directional-type 
beam  rather  than  on  the  nondirectional  beam  as 
originally  used.  On  the  basis  of  these  data  it  is  recom¬ 
mended  that,  in  future  experiments,  the  transmitting 
beam  provide  approximately  constant  echo  strength 
from  a  target  at  constant  depth  as  the  range  from  ship 
to  target  changes.  Some  difficulties  were  observed  in 
obtaining  proper  depth  angles  for  a  target  at  known 
depth  angle.  An  effort  should  be  made  in  future  work 
to  evaluate  the  effects  on  operation  of  the  system 
caused  by  the  target-image  in  the  surface  and  by  in¬ 
homogeneities  in  the  water  path  between  the  target 
and  the  experimental  ship. 

The  experiments  on  depth  scanning  also  included 
the  taking  of  data  to  measure  quantitatively  the 
strength  of  bottom  echo  compared  to  the  strength  of 
target  echo,  for  various  bottom  conditions  and  for 


various  aspects  of  the  target.  No  careful  measure¬ 
ments  were  made  of  the  operation  of  the  stabilization 
feature  for  the  depth-scanning  system,  but,  qualita¬ 
tively,  the  stabilization  acted  in  the  manner  expected. 

The  design  of  the  integrated  Type  B  sonar  in¬ 
cluded  both  a  stabilized  depth-scanning  system  and 
an  azimuth-scanning  system.  It  was  assumed  that  the 
azimuth-scanning  system  was  to  be  used  in  search  to 
discover  targets  at  as  long  ranges  as  possible,  the  use 
depending  in  some  instances  upon  water  conditions 
and  in  others  upon  ship  speed.  It  was  assumed  that 
the  depth-scanning  system  was  to  be  used  in  attack  to 
follow  the  target  at  the  shorter  ranges  and  to  furnish 
accurate  positional  data  for  attack  computation.  Un¬ 
der  these  assumptions,  the  azimuth-scanning  portion 
of  the  system  determined  only  the  bearing  and  range 
of  the  target,  while  the  depth-scanning  portion  de¬ 
termined  bearing,  range,  and  depth  angle  of  the 
target.  Originally  it  was  anticipated  that  the  inte¬ 
grated  Type  B  sonar  might  give  information  about 
an  underwater  target  within  the  following  accuracies: 
±10  yards  in  range  for  ranges  less  than  1,000  yards; 
±i/2  degree  in  depth  angle  for  depths  between  50 
and  800  feet  at  a  500-yard  range;  and  ±14  degree  in 
bearing  for  all  ranges  to  the  maximum  obtainable 
range  with  the  system.  However,  the  experimental 
data  presented  in  this  chapter  indicates  that  these 
accuracies  can  be  attained  only  under  ideal  test 
conditions. 

The  integrated  Type  B  sonar  has  a  number  of  dis¬ 
tinct  advantages  over  other  sonar  gear.  Original  de¬ 
tection  of  a  target  by  the  azimuth-scanning  portion 
of  the  system  is  obtained  by  watching  a  single  indi¬ 
cator  without  moving  any  controls.  Following  detec¬ 
tion,  placing  the  cursor  of  the  PPI  on  the  target  and 
keeping  it  there  allows  further  detection  of  the  target 
on  the  EPI  without  moving  any  other  controls.  Use 
of  the  BDI  technique  allows  continued  bearing  deter¬ 
mination  even  when  the  target  is  no  longer  detectable 
on  the  azimuth-scanning  portion  of  the  system.  Con¬ 
tinuous  maintenance  of  contact  with  a  minimum  of 
effort  is  thereby  accomplished  from  the  original  de¬ 
tection  throughout  the  time  that  the  target  remains 
within  detectable  range,  including  very  short  ranges 
and  depth  angles  to  90  degrees.  Because  of  the  ability 
of  this  system  to  retain  contact  with  the  target  to  very 
short  ranges  and  large  depth  angles,  the  conning  of¬ 
ficer  should  be  able  to  make  a  better  judgment  of  the 
evasive  behavior  of  the  target  and  be  able  to  avoid 
the  uncertainty  now  existing  when  contact  is  lost. 
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With  the  addition  of  a  suitable  attack  director  (now 
under  development)  to  include  depth  angle  in  its 
computations,  the  problem  of  attacks  on  the  target 
should  be  simplified  and,  on  the  average,  attacks 
should  be  more  successful.  Upon  availability  of  train- 
able  gun-type  ordnance,  the  effect  of  the  first  rounds 
on  the  target  can  probably  be  taken  into  account  by 
spotting  in  the  outputs  from  the  system,  so  that  the 
attacks  should  become  even  more  successful. 


For  navigational  purposes,  the  system  could  be 
adapted  with  case  for  detection  by  the  PPI  of  sur¬ 
face  ships,  buoys,  reefs,  or  other  obstacles  near  the 
surface.  The  EPI  could  be  used  to  examine  the  bot¬ 
tom  in  the  direction  of,  or  at  any  angle  to,  the  direc¬ 
tion  of  motion  of  the  ship,  and  could  also  be  used  to 
detect  submerged  objects  on  the  bottom  or  between 
the  surface  and  the  bottom  for  any  particular 
direction. 
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7  i  ELECTRONIC  ROTATION  SCANNING 
SONAR 

7,1,1  General  Description 

The  commutated  rotation  [CR]  scanning  system 
had  certain  well  recognized  limitations.  Chief 
among  these  was  the  fact  that  the  rotation  speed  was 
limited  by  the  mechanical  strength  of  the  commu¬ 
tator,  thus  putting  a  lower  limit  on  the  pulse  length 
that  could  be  used.  It  was  early  recognized  that  higher 
rotation  speeds  could  most  conveniently  be  obtained 
by  means  of  electronic  rotation  [ER]  methods.  In 
addition,  it  was  thought  that  the  mechanically  rotat¬ 
ing  commutator  (as  in  the  CR  system)  would  prove 
difficult  to  build  and  maintain  because  of  the  very 
close  tolerances  involved,  while  the  ER  rotor  could  be 
assembled  and  repaired  by  anyone  equipped  to  do 
electronic  repair  work.  Consequently,  development 
work  on  the  ER  system  was  accelerated  after  the  sum¬ 
mer  of  1943,  and  finally  culminated  in  the  submarine 
system  which  was  tested  on  the  USS  Dolphin  at  New 
London  in  March  1945.  This  ER  system  is  described 
in  some  detail  later  in  this  section. 

The  higher  scanning  speed  of  the  ER  system  was  of 
importance  in  three  ways:  first,  with  the  higher  rota¬ 
tion  speed  the  spirals  on  the  plan  position  indicator 
[PPI]  were  spaced  closer  together  and  there  was  a 
consequent  increase  in  the  accuracy  with  which  the 
range  of  the  target  could  be  measured;  second,  with  a 
short  ping,  higher  signal-to-noise  ratio  was  obtained; 
third,  with  the  short  pulse  output  it  was  also  possible 
to  obtain  considerably  higher  peak  power  in  the 
acoustical  pulse  without  materially  increasing  the 
size  of  the  transmitter  and  necessary  power  supply. 

Figure  1  shows  a  block  diagram  for  a  typical  ER 
sonar  system.  A  short,  high-frequency  pulse  from  the 
transmitter  was  fed  to  the  cylindrical  transducer 
through  the  transfer  network,  and  was  emitted  as  a 
nondirectional  ping.  The  echo  was  received  by  the 
transducer,  was  conducted  through  the  transfer  net¬ 
work  to  the  beam-forming  network  and  to  an  elec¬ 
tronic  rotor,  was  amplified  by  the  receiver  and  then 
supplied  in  the  form  of  a  short  d-c  pulse  to  a  PPI. 
Sweep  and  timing  circuits  were  similar  to  those  used 
in  the  CR  system,  except  that  the  sweep  was  initially 


Figure  1 .  Block  diagram  for  ER  sonar. 


generated  by  a  low-frequency  oscillator  instead  of  a 
mechanically  rotated  polyphase  generator.  Rotation 
of  the  beam  of  sensitivity  was  accomplished  by  means 
of  a  switching  signal  fed  to  the  electronic  rotor,  at  a 
rate  that  varied  from  200  to  500  rps  for  different 
models.  The  length  of  the  ping  was,  as  in  the  CR 
system,  equal  to  the  time  taken  for  one  rotation  of  the 
scanning  beam. 

In  order  to  produce  electronic  rotation,  it  was  nec¬ 
essary  to  connect  each  element  of  the  transducer  to  a 
corresponding  switch  which  could  be  operated  by 
means  of  a  d-c  pulse.  Typical  elements  used  for  this 
purpose  were  vacuum  tubes,  such  as  triodes  or  diodes, 
or  dry  rectifiers,  such  as  the  copper  oxide  or  selenium 
varistor  type.  A  sequence  of  switching  signals  was 
obtained  by  sending  the  switching  pulse  down  a  net¬ 
work  of  the  low-pass  filter  type  with  the  number  of 
sections  equal  to  the  number  of  transducer  elements, 
and  with  a  total  time  lag  equal  to  the  required  time 
of  rotation  of  the  beam  pattern.  Since  it  was  found 
possible  to  use  the  tip  of  a  sine  wave  as  a  switching 
pulse,  this  switching  line,  or  lag  line  as  it  was  gen¬ 
erally  called,  had  a  total  phase  shift  equal  to  360  de¬ 
grees  at  the  frequency  of  the  sine  wave  used.  The  sine 
wave  was  obtained  from  the  same  oscillator  which 
generated  the  spiral  sweep  on  the  PPI,  so  that  there 
was  always  synchronization  between  the  position  of 
the  switching  pulse  on  the  rotor  and  the  position  of 
the  electron  beam  on  the  PPI. 

Since  this  method  was  equivalent  to  a  single-pole 
48-position  switch,  rather  than  a  multipole  48-posi¬ 
tion  switch  as  represented  by  the  CR  commutator,  it 
was  not  convenient  to  use  a  set  of  16  or  more  lag  lines 
in  order  to  form  the  beam  pattern.  Instead,  it  was 
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necessary  to  have  a  set  of  18  preformed  beam  pat¬ 
terns  which  could  then  be  connected  into  the  receiver 
by  means  of  the  above  set  of  switches.  In  order  to  ob¬ 
tain  a  beam  pattern,  signals  from  the  various  ele¬ 
ments  of  the  transducer  were  advanced  in  phase  by  a 
lead  line  so  that  the  outputs  of  elements  at  the  sitles 
of  the  transducer  were  in  phase  with  that  from  the 
element  at  the  most  forward  point  on  the  transducer. 
This  lead  line  was  essentially  a  high-pass  Idler  net¬ 
work  whose  series  elements  were  capacitors  connected 
from  one  element  of  the  transducer  to  the  neighbor¬ 
ing  element  and  whose  shunt  inductive  reactances 
were  usually  the  transducer  elements  themselves. 
Smooth  rotation  of  the  beam  pattern  was  accom¬ 
plished  by  having  the  switching  pulse  broad  enough 
to  operate  two  or  more  switches  simultaneously  and 
in  proper  proportion. 

7I-2  Submarine  Scanning  Sonar 
Model  XQKA 

A  typical  example  of  a  complete  ER  scanning  sonar 
is  the  equipment  built  for  use  on  a  submarine  and 
installed  on  the  USS  Dolphin  from  March  to  May 
1945. 1  Figure  2  is  a  photograph  of  the  electronic  part 
of  the  equipment  as  installed  in  the  forward  torpedo 
room  of  the  USS  Dolphin.  The  top  unit  in  the  photo¬ 
graph  is  the  indicator.  The  chassis  immediately  under 
the  indicator  unit  contains  the  receiver  and  power 
supply.  Flic  next  contains  the  sweep,  range  marker, 
and  oscillator  chassis,  while  the  bottom  unit  is  the 
transmitter.  It  can  be  observed  that  the  indicator  unit 
had  all  the  controls  necessary  for  use  by  the  operator; 
it  could  be  located  in  any  convenient  position  in  the 
ship  remote  from  the  rest  of  the  gear.  In  the  photo¬ 
graph,  the  three  cabinets  are  shown  stacked  on  top 
of  each  other,  but  they  were  three  separate  units  and 
could  be  placed  in  any  convenient  locations  with  in¬ 
terconnecting  cables.  A  motor  generator  set  of  about 
1  i/o-kva  capacity  and  the  two  transducers  consti¬ 
tuted  the  remainder  of  the  equipment.  One  of  these 
transducers  was  mounted  on  the  hoist-train  shaft 
which  had  been  used  for  the  bottomside  QC  trans¬ 
ducer.  The  other  transducer  was  mounted  on  the  top 
deck  of  the  submarine  at  a  point  just  forward  of  the 
capstan. 

Figure  3  shows  a  block  diagram  of  the  submarine 
ER  sonar  equipment.  At  the  extreme  left  side  of  the 
diagram  is  the  transducer  assembly  containing  the 


Ik. cm  ‘Z.  Submarine  ER  sonar  installation. 


transducer  itself,  the  transfer  network,  the  beam¬ 
forming  lead  line,  the  electronic  rotor,  a  relay,  and 
the  discriminator  circuit.  All  of  this  electronic  equip¬ 
ment  was  installed  in  the  central  cavity  of  the  crystal 
transducer.  The  transducer  was  a  48-elcment  ADP 
(ammonium  dihydrogen  phosphate)  crystal  type 
made  by  the  Brush  Development  Company. 

The  receiver,  described  in  detail  in  a  later  section 
of  this  chapter,  was  essentially  a  flat  r-f  amplifier  with 
two  band-pass  filters,  plus  a  detector  and  output 
circuit.  The  indicator  for  the  submarine  ER  system 
and  the  sweep,  timing,  and  range-marking  circuits 
are  also  described  later  in  this  chapter. 

7-2  EXPERIMENTAL  WORK  AND 
RESULTS 

7  21  60-cycle  ER  System  for  Aide  de  Camp 

In  the  summer  of  1913,  work  was  begun  on  the 
problem  of  finding  a  means  of  forming  a  beam  from 
the  signals  generated  by  the  elements  of  a  multicle- 
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Figure  3.  Block  diagram,  submarine  ER  sonar. 


ment  cylindrical  transducer  and  a  method  of  rotat¬ 
ing  this  beam  by  electronic  means.  A  great  deal  of 
work  was  done  in  the  laboratory  between  July  1943 
and  September  1943  in  order  to  produce  a  workable 
electronic  rotor  that  could  be  used  to  take  the  place 
of  the  CR  commutator  (see  section  on  ER  rotors  for 
the  details  of  their  development).  As  a  result  of  the 
laboratory  tests,  a  shipboard  model  electronic  rotor 
scanning  sonar  system  was  developed  for  installation 
and  test  abroad  the  Aide  de  Camp.  This  system  in¬ 
cluded  an  electronic  rotor  with  18  twin  triodes  as 
electronic  switches,  controlled  by  switching  pulses 


from  a  3-phase  synchro  used  as  a  3-phase  generator 
and  a  resistor  phase-splitting  network  which  split  the 
3-phases  into  36  phases  for  switching  purposes.  The 
beam-forming  lead  line  consisted  of  a  set  of  capaci¬ 
tors  connected  from  element  to  element  of  the  mag¬ 
netostriction  transducer  so  that  a  complete  circular 
array  was  formed.  Figure  4  is  a  photograph  showing 
the  rotor,  phase  splitter,  and  the  motor  generator  set 
used  for  switching  purposes  in  this  system  on  the 
Aide  de  Camp.  Figure  5  is  a  block  diagram  of  the 
same  system.  Since  the  rotation  speed  was  60  rps,  this 
was  designed  as  the  60-cycle  ER  system.  Other  units 
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Figure  4.  Rotation  components  60-cyde  ER  sonar. 


in  the  system  not  shown  in  the  photograph  were 
mainly  the  same  ones  which  were  then  being  used  on 
the  Aide  de  Camp  for  the  CR  sonar  experiments. 

As  may  be  seen  from  the  photograph,  the  rotor  it¬ 
self  was  built  on  two  standard-size  chassis  with  9  tubes 
containing  18  elements  on  each  chassis.  Audio  Devel¬ 
opment  Type  3805-A  transformers  were  used  to 
couple  from  the  magnetostriction  hydrophone  to 
grid  impedance  and  can  be  seen  on  top  of  the  chassis. 
On  a  separate  standard  chassis  was  constructed  a 
powrer  supply  to  operate  the  electronic  rotor.  The 
fourth  chassis  shown  is  the  phase-splitting  unit  dc- 
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Figure  5.  Block  diagram  of  Aide  de  Camp  60-cyclc  ER 
sonar. 


scribed  in  the  following  section  on  ER  rotors.  The 
motor  generator  set  in  the  lower  part  of  the  photo¬ 
graph  contained  in  the  3,600-rpm  motor  in  the  center, 
driving  two  standard  General  Electric  synchros  as  a 
3-phase  switching  generator  and  a  3-phase  spiral 
sweep  generator  respectively. 

By  referring  to  the  block  diagram  in  Figure  5,  the 
operation  of  this  system  may  be  followed.  The  trans¬ 
ducer  used  was  the  36-elcmcnt  magnctostrictivc  type, 
known  as  HP-1  and  described  in  Chapter  5.  It  was 
connected  by  means  of  a  36-pair  cable  to  the  polar¬ 
izer  unit,  and  also  by  means  of  an  additional  36-pair 
cable  to  a  36-pole  double-throw  relay.  This  relay- 
acted  as  a  send-reeeivc  relay,  connecting  all  of  the 
elements  of  the  transducer  to  the  electronic  rotor 
during  reception  and  connecting  the  transducer  ele¬ 
ments  in  parallel  to  the  transmitter  during  transmis¬ 
sion.  The  electronic  rotor  output  was  fed  to  the  re¬ 
ceiving  amplifier,  then  into  the  delayed  lobe  com¬ 
parator  and  brightener,  and  then  in  the  form  of  a 
pulse  to  the  grid  of  the  PPI  GRO.  At  the  same  time, 
the  3-phasc  generator  used  as  a  switching  generator 
fed  the  resistive  phase-splitting  network,  while  the 
spiral  sweep  generator  received  a  sawtooth  wave¬ 
form  current  from  the  timing  and  keying  chassis  for 
excitation  of  its  rotor.  The  output  of  the  sweep  gen¬ 
erator  was  fed  to  the  deflection  coils  of  the  PPI  GRO 
in  the  form  of  a  60-cyclc  3-phasc  sine  wave  whose 
amplitude  was  continuously  increasing  during  the 
time  of  the  sweep.  The  transmitter  and  receiver  were 
the  same  ones  that  were  used  in  the  second  CR  sonar 
system  which  was  installed  concurrently  with  the  ER 
system  aboard  the  Aide  de  Camp.  A  description  of 
the  receiver,  transmitter,  polarizer,  timing  chassis, 
and  scnd-rcccivc  relay  may  be  found  in  Chapter  5. 

The  delayed  lobe  comparator  [DLC]  indicated  in 
the  block  diagram  was  an  addition  to  the  usual  CR 
system  intended  to  narrow  the  brightened  arc.  It  is 
described  in  the  section  on  ER  receivers  later  in  this 
chapter. 

During  the  fall  of  1913,  this  60-cycle  ER  system  was 
tested  on  the  Aide  de  Camp  at  the  same  time  that 
tests  were  being  made  on  the  CR  system.  Compari¬ 
sons  were  made  between  the  two  systems,  and  in  addi¬ 
tion,  the  ER  receiver  was  used  both  with  and  without 
the  delayed  lobe  comparison  circuits.  (See  Section 
7.6.1  on  receiver  design.)  This  DLC  system  of  bright¬ 
ening  performed  as  expected  in  narrowing  the  bright¬ 
ening  arc  due  to  any  given  target.  As  a  consequence, 
the  PPI  display  seemed  sharper  than  the  display  with 
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amplitude  brightening  only.  The  disadvantage  of 
using  delayed  lobe  comparison  was  in  its  enhance¬ 
ment  of  electric  noise.  Short  noise  impulses  present  in 
this  system  were  represented  as  high  intensity  spots 
on  the  screen.  The  high  intensity  was  caused  by  the 
fact  that  the  differentiator  circuits  which  were  em¬ 
ployed  intensified  all  signals  whose  amplitude  rate  of 
change  was  great  with  respect  to  time.  Noise  impulses 
were  thus  intensified  out  of  proportion.  This  prop¬ 
erty  caused  the  abandonment  of  delayed  lobe  com¬ 
parison. 

During  the  trip  of  the  Aide  de  Camp  to  New  Lon¬ 
don  in  November  1943,  a  series  of  experiments  was 
made  on  echo  consistency,  target  discovery  distance, 
and  sensitivities  of  the  ER  and  CR  systems.2-  3  From 
the  results  of  the  tests  during  the  fall  of  1943,  it  was 
concluded  that  although  the  electronic  rotation 
method  was  successful  and  could  produce  a  useful 
echo,  the  system  had  certain  disadvantages  as  com¬ 
pared  with  the  capacitive  rotation  system.  The  CRO 
was  noisier  in  the  sense  that  noise  impulses  inter¬ 
fered  with  the  proper  identification  of  actual  echoes 
on  the  CRO  screen  of  the  PPI.  This  was  subsequently 


found  to  be  caused  by  the  method  of  construction  of 
the  electronic  rotor  which  was  microphonic.  It  was 
also  caused  by  the  fact  that  the  rotated  transducer 
pattern  produced  by  the  ER  commutator  was  inferior 
to  that  produced  by  the  CR  commutator  from  the 
same  transducer.  The  minor  lobe  structure  was  more 
prominent  and  the  width  of  the  major  lobe  was 
greater,  as  was  the  variation  in  major  lobe  maximum 
amplitude. 


7.2.2  200-cycle  ER  System  for  Aide  de  Camp 

As  a  result  of  the  tests  of  the  60-cycle  rotation  ER 
scanning  sonar  system,  plans  were  made  for  an  im¬ 
proved  system  to  operate  at  200-c  rotation.  A  labora¬ 
tory  prototype  electronic  rotor  was  built  in  accord¬ 
ance  with  the  schematic  wiring  diagram  shown  in 
Figure  6.  A  bridged-T  type  of  transmission  line  was 
used  as  a  switching  generator  and  is  shown  at  the 
center  of  the  diagram.  At  each  junction  a  potentio- 


Ficure  7.  Circuit  diagram  of  electronic  rotor,  200-cycle 
ER  sonar. 
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meter,  shown  next  to  the  encircled  numbers  running 
from  1  to  36,  was  included  to  make  possible  the  equal¬ 
ization  of  switching  signal  amplitude  along  the  vari¬ 
ous  sections  of  the  lag  line.  At  the  top  of  diagram  is 
shown  the  pulse-generating  circuit  used  to  supply 
switching  pulses  to  the  switching  line.  One  half  of  a 
6SN7  acted  as  a  Hartley  oscillator  operating  at  200 
cycles,  and  drove  the  other  half  of  the  6SN7  as  an 
amplifier.  Another  half  of  a  6SN7  was  used  as  a  peak 
rectifier  charging  a  0.1- /.if  capacitor  so  that  conduc¬ 
tion  through  the  capacitor  and  tube  was  limited  to 
approximately  90  degrees  out  of  360  degrees.  This  rec¬ 
tifier  then  acted  to  clip  or  limit  the  original  sine  wave 
to  provide  the  pulse  needed  on  the  switching  line. 
The  pulse  was  amplified  by  a  6V0  connected  as  a  cath¬ 
ode  follower  through  a  transformer  T,  to  supply 
energy  to  the  switching  line  at  an  impedance  of  1.500 
ohms.  Values  of  lead  line  components  I,  and  C  were 
then  varied  to  produce  the  best  pattern  tit  the  output 
of  the  rotor  us  judged  by  means  of  the  standard  lab¬ 
oratory  test  arrangement,  which  consisted  of  an  arti¬ 
ficial  water  amplifier,  and  a  synchronized  linear 
sweep  GRO. 

As  a  result  of  the  laboratory  invest  igat  ions  de¬ 
scribed  above,  the  200-cycle  ER  system  was  built  for 
installation  abroad  the  Aim:  i>e  Camp.  The  sche¬ 
matic  wiring  diagram  of  its  electronic  rotor  is  shown 
in  Figure  7,  which  illustrates  some  significant  differ¬ 
ences  between  the  200-cycle  rotor  on  the  Aide  de 
Game  and  the  200-cycle  rotor  built  in  the  laboratory. 
In  the  first  place,  in  the  Aide  de  Game  rotor  the 
shunt  elements  in  the  beam-forming  lead  line  were 
formed  entirely  from  the  transducer  impedance  as 
seen  through  matching  transformers.  It  was  found 
that  by  using  the  impedance  of  the  HP-1  elements  us 
shunt  impedances  in  the  lag  line  and  by  the  proper 
choice  of  capacitors,  the  desired  beam  pattern  could 
be  obtained. 

Another  circuit  change  involved  in  the  Aide  de 
Game  electronic  rotor  was  the  inclusion  of  a  circuit¬ 
testing  meter  and  switch,  shown  at  the  right  center  of 
the  diagram  in  Figure  7.  This  circuit-testing  meter 
and  switch  was  simply  a  single-pole  36-point  selector 
switch  whose  stationary  contacts  were  all  connected 
to  the  respective  plates  of  the  switching  tubes.  The 
rotating  arm  was  connected  through  the  microam¬ 
meter  and  a  suitable  series  resistance  to  the  plate 
voltage  supply  of  the  electronic  rotor.  By  switching 
from  point  to  point,  therefore,  it  was  possible  to  meas¬ 
ure  the  plate  current  in  any  of  the  triode  switching 


I-K.eKi  8.  Front  view  of  rotor,  200 -cycle  ER  sonar. 
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Figure  9.  Interior  view  of  rotor,  200-cycle  ER  sonar. 


elements.  In  this  way,  any  irregular  operation  was 
evident  immediately  upon  turning  the  selector  switch 
to  the  appropriate  circuit.  The  tube  could  then  be 
tested,  and  if  found  to  be  in  proper  operation,  the 
trouble  could  be  located  among  one  of  several  com¬ 
ponents  or  connections  in  this  particular  circuit. 

The  switching  lag  line  employed  was  the  same  as 
for  the  200-cycle  laboratory  rotor.  However,  after  set¬ 
ting  the  potentiometers  so  that  the  switching  signal 
amplitude  was  of  correct  value  in  all  the  36  circuits, 
the  resistance  ratios  were  measured  and  the  poten¬ 
tiometers  were  replaced  with  fixed  resistors.  The  cut¬ 
off  bias  for  the  triode  switching  tube  was  also  changed 
from  the  grid  circuit  to  the  cathode  circuit  of  all  the 
switching  tubes.  For  this  purpose,  all  the  cathodes 
were  connected  together  and  brought  to  a  positive 
voltage  control  potentiometer  on  the  front  panel  of 
the  electronic  rotor. 

Figure  8  shows  a  photograph  of  the  front  panel  of 
the  200-cycle  rotor  used  on  the  Aide  de  Camp.  Figure 
9  shows  a  photograph  of  the  rotor  chassis  swung  out 
of  its  cabinet. 


Among  other  new  equipment  constructed  for  this 
200-cycle  Aide  de  Camp  ER  system  were  a  high- 
power  pulse-type  transmitter,  a  new  transfer  network, 
a  200-cycle  spiral  sweep  for  the  PPI  scope,  and  a 
switching  pulse  generator.  Figure  10  shows  a  sche¬ 
matic  diagram  of  this  latter  circuit.  It  may  be  seen 
that  it  is  nearly  identical  in  operation  with  the  pulse 
generator  shown  at  the  top  of  Figure  6.  At  the  bottom 
of  Figure  1 0  is  shown  the  regulated  power  supply  that 
was  built  on  this  same  chassis.  The  spiral  sweep  used 
in  this  system  is  described  in  some  detail  in  Section 
7.8  on  sweep  generation  and  range  marking.  The 
200-c  signal,  developed  by  the  first  oscillator  of  the 
switching  generator  described  above,  was  applied  to 
the  input  of  a  pair  of  triodes  acting  in  cascade,  while 
the  bias  of  this  triode  pair  was  varied  according  to  a 
sawtooth  voltage.  The  output  of  the  2-tube  amplifier 
was  then  a  200-cycle  sine  wave  signal  whose  ampli¬ 
tude  increased  linearly  with  time  over  the  receiving 
period.  This  output  was  then  split  into  two  quad¬ 
rature  components  which  were  impressed  through 
suitable  amplifiers  upon  the  two-phase  deflection 
coils  of  the  PPI. 

The  transmitter  used  with  the  200-cycle  Aide  de 
Camp  ER  system  was  an  18-kw  transmitter,  develop¬ 
ing  this  average  power  in  a  transmitted  pulse  length 
of  5  milliseconds.  It  is  described  later  in  this  chapter. 

The  transmit-receive  network  used  in  the  Aide  de 
Camp  200-cycle  ER  system  is  shown  in  Figure  11.  At 
the  left  side  of  the  drawing  is  shown  the  input  of^a 
keying  pulse  which  was  derived  from  the  spiral  sweep 
chassis  described  in  Section  7.8  on  sweep  generation. 
At  the  time  of  transmission  the  relay  shown  in  its 
normally  open  position  was  closed.  The  transmitter 
chokes  L2  had  a  common  return  which  was  un¬ 
grounded  by  the  relay  and,  thereby,  made  ready  to 
receive  a  transmitted  pulse.  The  common  return  was 
permanently  connected  to  the  transmitter  through 
tuning  capacitor  C,  as  indicated  in  the  diagram.  The 
transmitter  pulse  was  initiated  by  the  upper  contact 
on  the  relay,  marked  “key  to  transmitter.”  At  the 
time  of  the  transmitted  pulse,  the  common  return  of 
the  primary  of  the  rotor  input  transformer,  shown 
at  the  bottom  of  the  diagram,  was  ungrounded  by  the 
same  relay.  This  created  a  potentially  balanced  sys¬ 
tem  in  the  electronic  rotor,  so  that  under  perfect  bal¬ 
ance  conditions  no  potential  difference  existed  upon 
any  rotor  primary.  In  this  way  the  electronic  switches 
in  the  rotor  were  protected  from  voltage  overload 
during  periods  of  transmitter  operation.  At  the  upper 
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Figure  10.  Circuit  diagram  of  switching  pulse  generator. 


portion  of  the  drawing  arc  shown  the  polarizing 
chokes  and  d-c  polarizing  source  arrangement.  Each 
polarizing  choke  Lj  was  connected  in  series  with  the 
corresponding  element  marked  by  X  on  the  top  of 
the  diagram.  During  reception  all  transmitter  chokes 
Lo  were  returned  to  ground  through  a  large  blocking 
capacitor  shown  at  the  left  of  the  relay.  This  elimi¬ 
nated  any  possibility  of  energy  transfer  from  one 
transducer  element  to  another  element  in  the  net¬ 
work  via  the  continuous  star-connected  network  of 
transmitter  chokes.  At  the  same  time  all  rotor  trans¬ 
former  primaries  were  connected  to  ground  by  means 
of  the  same  relay  lead.  By  means  of  this  connection 
the  transformers  were  able  to  receive  any  signal  pres¬ 
ent  in  the  appropriately  connected  transducer  cle¬ 
ment. 

The  first  tests  made  with  the  Aim-,  pf.  Camp  200- 
cycle  system  were  on  the  pattern  produced  by  the  200- 
cycle  electronic  rotor  when  connected  to  the  HP-1 
transducer.  Measurements  showed  a  major  lobe  with 


an  average  width  of  25  degrees  and  minor  lobe  struc¬ 
ture  averaging  16  db  below  the  tip  of  the  major  lobe. 
The  maximum  deviation  in  width  of  patterns  was 
±  6  degrees.  The  minor  lobe  structure  varied  in 
height  below  the  major  lobe  between  the  limits  of  13 
and  24  db. 

Other  tests  made  on  this  system  showed  that  it  was 
capable  of  indicating  echoes  from  large  targets,  such 
as  surface  ships  or  island  shoals,  at  ranges  as  great  as 
those  obtainable  using  the  GR  system.  Under  Boston 
Harbor  conditions  echoes  were  obtained  out  to  3,500 
yards.  The  display  on  the  PPI,  according  to  observers, 
compared  favorably  with  that  of  the  CR  system. 

A  series  of  observations  was  made  to  determine  the 
relative  usefulness  of  fixed-frequency  transmitter  out¬ 
put  versus  a  frequency  sweep  (21  to  23  kc  in  5  milli¬ 
seconds).  Observations  on  the  Aide  de  Camp  system 
at  200-cycle  rotation  speed  tended  to  indicate  that 
there  was  no  improvement  in  echo  consistency,  dimi¬ 
nution  of  reverberation,  or  decrease  in  fluctuation  of 
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Figure  11.  Circuit  diagram  of  receive-transmit  network 
ER  sonar. 

background  noise  due  to  frequency  sweep  as  com¬ 
pared  with  single-frequency  transmission.  Further¬ 
more,  the  use  of  a  single  frequency  permitted  the 
operation  of  the  transmitter  at  the  frequency  cor¬ 
responding  to  the  greatest  response  in  the  HP-1  trans¬ 
ducer,  so  that  the  average  acoustic  power  was  greater. 
In  these  same  transmitter  tests  performed  with  the 
200-cycle  Aide  de  Camp  system  “white”  noise  was 
tried  as  a  transmitter  source  in  place  of  a  single  fre¬ 
quency.  A  white  noise  generator  was  connected 
through  an  appropriate  band-pass  filter  to  the  power 
amplifier  used  in  the  transmitter,  and  was  tested 
against  both  the  frequency  sweep  and  the  single-fre¬ 
quency  type  of  operation.  This  white  noise  type  of 
pulse  produced  by  far  the  poorest  results  of  the  three 
tested,  presumably  because  of  power  limitations  as 
compared  with  single-frequency  or  glide-frequency 
operation. 

Tests  were  begun  on  the  Aide  de  Camp  to  discover 
the  usefulness  of  the  200-cycle  rotation  speed  system 
as  a  small  object  locator.  This  system,  making  use  of 
a  5-millisecond  transmitted  pulse,  was  found  to  have 
a  considerable  merit  as  a  small-object  locator  when 
compared  with  a  longer  pulse  system.  The  reference 
memorandum4  describes  the  results  of  the  tests  made 


in  the  detection  of  a  3-foot  sphere  against  range  and 
against  depth  of  water  in  which  the  Aide  de  Camp 
was  being  operated.  The  results  of  these  tests  indi¬ 
cated  that  a  3-foot  sphere  could  be  detected  by  a  trans¬ 
ducer  hung  7  feet  below  the  surface  of  the  water  at  a 
range  in  yards  approximately  equal  to  the  depth  of 
the  water  in  feet;  that  is,  in  400  feet  of  water  con¬ 
sistent  echoes  were  returned  from  a  3-foot  sphere  at 
ranges  of  400  yards.  Partly  as  a  result  of  these  success¬ 
ful  tests,  a  system  was  planned  for  use  on  submarines 
utilizing  a  short  pulse  and  the  high  rotation  speed 
which  is  possible  with  an  ER  scanning  sonar  system. 

7  2-3  53-kc  500-cycle  ER  System 

During  the  Aide  de  Camp  tests  of  the  200-c  system, 
there  became  available  to  HUSL  a  Brush  crystal 
transducer,  AX-104,  originally  designed  for  the  Naval 
Ordnance  Laboratory  [NOL],  consisting  of  36  ver¬ 
tical  elements  of  Y-cut  Rochelle  salt  crystals,  resonant 
in  the  vicinity  of  53  kc.  It  was  decided,  because  of  the 
possibility  of  using  higher  rotation  speeds  at  the 
higher  signal  frequency,  to  construct  a  500-c  ER  sys¬ 
tem  using  this  transducer.  This  system  became  known 
as  the  53-kc  system,  and  its  rotor  is  shown  schematic¬ 
ally  in  Figure  12.  By  comparison  with  Figure  7  it  may 


Figure  12.  Circuit  diagram  of  rotor,  53-kc  ER  sonar. 
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be  seen  that  this  500-cycle  rotor  is  very  nearly  the 
same  as  the  200-cvcle  rotor  used  in  the  previous  sys¬ 
tems.  A  transmission  line  was  used  for  switching,  and 
18  6SN7  double  triodes  were  used  as  electronic 
switches.  Additional  resistors  and  inductors  were 
used  in  this  lead  line  in  place  of  the  reactance  of  the 
transducer  elements.  A  preamplifier  was  also  built 
into  a  portion  of  the  rotor  chassis. 

In  order  to  couple  the  crystal  transducer  to  the 
electronic  rotor,  transformers  were  mounted  inside  of 
AX-101,  transforming  the  high  capacitive  reactance 
of  the  transducer  to  a  low  impedance  with  inductive 
reactance.  The  impedance  at  the  secondary  terminals 
of  the  transducer  transformers  was  designed  to  be 
approximately  50  +  j  100  ohms  at  53  kc.  Twisted-pair 
cables  were  connected  to  the  output  of  the  transducer 
transformer  to  connect  the  transducer  to  the  rotor 
which  was  external  to  the  transducer.  The  rotor  in¬ 
put  transformers  in  the  case  of  the  53-kc  systems  were 
Audio  Development  Company  Type  3922. 

A  spiral  sweep  was  especially  constructed  for  the 
53-kc  system  and  is  described  in  detail  in  Section  7.8.1 
on  spiral  sweep  requirements.  It  was  an  electronic 
spiral  sweep,  modeled  after  the  sweep  used  success¬ 
fully  in  the  Aide  df.  Camp  200-cyclc  system,  and  in¬ 
corporated  a  Sangamo  mechanical  timer  to  initiate 
the  transmitted  ping  and  thus  to  determine  the  fun¬ 
damental  timing  operation  for  the  entire  system. 

The  transmitter  is  described  in  detail  in  Section  7.7 
of  this  chapter  covering  that  unit.  It  operated  directly 
into  a  ring  stack  with  a  resonant  frequency  of  53  kc. 
Because  of  the  transmission  into  a  separate  trans¬ 
ducer,  it  was  not  necessary  to  incorporate  any  trans- 
mit-rcceivc  network  in  the  53-kc  system.  Keying  was 
accomplished  simply  by  the  initiation  of  the  trans¬ 
mitter  pulse  at  the  appropriate  time  as  determined  by 
the  mechanical  timer  in  the  spiral  sweep  chassis.  At 
the  same  time  the  spiral  sweep  chassis  generated  a 
blanking  signal  which  blanked  the  return  sweep  of 
the  PPI  CRO. 

This  53-kc  system  was  installed  upon  the  barge 
Tippecanoe  on  the  Charles  River  during  the  summer 
of  19-14.  A  3-foot  sphere  was  brought  into  the  river 
and  lowed  as  a  target  for  the  tests  made  at  that  time. 
This  sphere  produced  easily  visible  echoes  at  dis¬ 
tances  as  great  as  300  yards  in  water  of  20-foot  depth. 
This  performance  was  thought  to  be  caused  princi¬ 
pally  by  the  short  transmitter  pulse  length,  namely  2 
milliseconds,  and  its  inherently  higher  ccho-to-rcvcr- 
beration  ratio,  since  tests  proved  the  receiver  pat¬ 


terns  to  be  highly  unsatisfactory.  Major  lobe  widths 
averaged  35  degrees  at  a  point  6  db  below  the  tip  of 
the  major  lobe,  and  showed  considerable  variation 
from  element  to  element  around  the  transducer. 
Widths  were  found  as  narrow  as  28  degrees  and  as 
wide  as  45  degrees.  These  poor  transducer  patterns, 
as  compared  with  those  obtained  on  the  Aide  de 
Camp  200-cycle  system,  were  caused  by  the  transducer 
which  had  not  been  designed  for  this  purpose.  There 
were  probably  considerable  phase  differences  be¬ 
tween  the  outputs  of  the  various  elements,  as  the  fre¬ 
quency  response  was  found  to  differ  greatly  from 
element  to  clement  in  the  transducer. 

During  the  tests  in  the  Charles  River,  the  Aide  de 
Camp  was  brought  into  the  Basin  for  a  detectability 
test  in  whic  h  the  standard  2 1-kc  WEA-1  echo-ranging 
sonar  installed  abroad  the  Aide  de  Camp  was  used  to 
listen  for  the  transmitted  pulse  of  the  500-cycle  53-kc 
system. r’  It  was  found  that  the  transmitted  pulses, 
although  at  a  frequency  of  53  kc,  were  easily  detected 
by  the  WEA-1  operating  at  a  frequency  of  25  kc. 
These  pulses  were  heard  in  the  WEA-1  system  as  short 
loud  clicks,  and  were  seen  as  sharp  deflections  on  the 
standard  X-3a  bearing  deviation  indicator  [BD1] 
connected  to  the  WEA-1.  The  source  of  the  short 
click  in  WEA-1  and  BDI  equipment  at  25  kc  was  the 
frequency  spread  of  the  short  duration  sharp-cor¬ 
nered  pulse  at  53  kc.  It  was  suggested  that  pulse  be 
tailored  in  order  to  reduce  the  frequency  spread  trans¬ 
mitted  into  the  water, and  thereby  reduce  detect¬ 
ability.  Subsequent  theoretical  work  has  suggested  a 
Gaussian  form  of  a  pulse  to  give  the  minimum  band¬ 
width  for  a  pulse  of  a  given  time  duration. 

The  53-kc  system  was  then  transported  to  the 
Mountain  Lakes  Testing  Station  of  the  Underwater 
Sound  Reference  Laboratory  [USRL]  for  tests  and 
evaluation.  Echo  ranging  was  conducted  in  Crystal 
Lake  against  2-  and  3-foot  spheres  and  against  a  hol¬ 
low  iron  cylinder  8  inches  in  diameter.  This  system, 
because  of  its  poor  receiving  patterns,  as  discussed  in 
an  earlier  paragraph,  and  because  of  the  relatively 
high  system  noise  level,  produced  unsatisfactory  re¬ 
sults  in  these  tests.7 

The  53-kc  system  was  then  shipped  from  Mountain 
Lakes  to  New  London  where  it  was  installed  aboard 
the  Aide  de  Camp.  The  system  there  was  compared 
with  the  WEA-1  installation  on  board  for  the  detecta¬ 
bility  of  small  objects  as  well  as  for  the  determination 
of  maximum  discovery  range  of  standard  targets. 
High  internal  electric  noise  and  generator  noise 
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aboard  the  Aide  de  Camp  caused  considerable  diffi¬ 
culty.  However,  again  because  of  the  poor  receiver- 
transducer  patterns,  the  system  proved  decidedly  in¬ 
ferior  to  the  WEA-1.  It  proved  inferior  also  to  the 
standard  22-kc  200-cycle  ER  system  previously  in¬ 
stalled. 

7-2-4  Submarine  ER  Sonar 

This  system,  which  was  also  known  as  the  300- 
cycle  varistor  system,  was  based  on  the  use  of  the 
varistor  as  an  electronic  switch.  The  investigation  of 
copper  oxide  rectifiers  for  possible  incorporation  into 
electronic  rotors  is  described  in  detail  in  Section  7.4 
on  ER  rotors.  Figure  13  is  a  schematic  diagram  of  the 
rotor  used  in  breadboard  form  for  these  tests  in  the 
laboratory.  In  test,  it  was  connected  to  a  suitable  arti¬ 
ficial  transducer  having  output  terminal  impedances 
equivalent  to  those  of  a  magnetostriction  transducer. 
It  was  used  to  produce  a  rotating  pattern  of  sensi¬ 
tivity,  which  upon  passage  through  a  Submarine  Sig¬ 
nal  Company  [SSC]  Receiver  Type  755-J  was  viewed 
by  means  of  a  linear-sweep  cathode-ray  oscilloscope. 
The  switching  transmission  line,  whose  characteristic 


impedance  was  40  ohms,  was  incorporated  into  the 
large  breadboard  rotor  and  was  supplied  with  either 
pulses  or  sine  waves  having  a  repetition  frequency  of 
300  cycles.  This  transmission  lag  line  was  constructed 
so  that  a  signal  appearing  at  the  beginning  of  the  line 
would  be  absorbed  in  its  terminating  resistance  1  /300 
second  later.  To  accommodate  the  48  varistor 
switches  of  this  rotor  the  line  was  divided  into  48 
elements  so  that  it  could  be  used  with  future  48-sec¬ 
tion  transducers.  The  lead  line  in  this  case  consisted 
of  a  set  of  capacitors  (marked  CL  in  Figure  13)  con¬ 
nected  so  that  one  was  between  each  adjacent  pair  of 
transducer  elements.  Since  the  copper  oxide  rectifiers 
have  a  rather  high  capacitance  it  was  necessary  to  con¬ 
nect  a  set  of  neutralizing  capacitors  Cv  to  one  side  of 
the  primary  of  the  output  transformer  as  indicated 
in  the  diagram.  The  capacitors  C,  were  coupling 
capacitors  which  served  also  to  maintain  sufficient  d-c 
bias  on  the  varistors  to  keep  them  in  the  cutoff  state 
except  at  the  moment  when  the  switching  pulse  was 
being  applied.  The  switching  lag  line  was  of  the 
bridged-T  type  originally  used  in  the  200-cycle  sys¬ 
tem.  Noise  and  pattern  tests  made  upon  this  bread¬ 
board  rotor  in  the  laboratory  indicated  that  Western 
Electric  Company  varistors  would  be  entirely  satis¬ 
factory  for  switching  purposes  and  it  was  decided  to 
incorporate  them  in  the  rotor  to  be  built  for  the  sub¬ 
marine  system. 

The  submarine  system  has  already  been  described 
early  in  this  chapter,  while  the  details  of  the  trans¬ 
ducer,  indicator,  receiver,  transmitter,  and  sweep 
chassis  can  be  found  under  their  proper  headings. 
Figure  14  shows  a  schematic  diagram  of  the  varistor 
rotor  incorporated  in  the  submarine  system.  It  was 
designed  to  be  inserted  into  the  transducers  available 
for  this  purpose,  which  included  AX-132  and  AX- 
136  built  by  the  Brush  Development  Company,  and 
HP-3S  built  at  HUSL.  The  varistor  rotor  wiring  dia¬ 
gram  shows  the  usual  bridged-T  switching  lag  line  at 
the  top  of  the  diagram.  The  0.04-^f  capacitors  shown 
near  the  center  of  the  diagram  are  for  the  lead  line. 
Just  below  these  lead  line  capacitors  are  the  48  sep¬ 
arate  matching  transformers.  At  the  bottom  of  the 
diagram  are  the  48  crystal  elements  of  the  transducer, 
each  with  its  associated  neon  lamp  which  is  used  as 
part  of  the  transfer  network.  The  use  of  these  14-watt 
neon  tubes  in  the  transfer  network  was  necessary  be¬ 
cause  the  varistors  were  unable  to  withstand  the  same 
voltages  upon  transmission  as  the  corresponding 
triode  tubes  in  the  previous  rotor.  At  the  right-hand 
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side  of  this  diagram  is  indicated  the  discriminator 
network  for  maintaining  the  switching  oscillator  fre¬ 
quency  at  the  correct  value.  This  effects  a  total  phase- 
shift  of  360  degrees  in  the  switching  lag  line. 

The  first  transducer  to  become  available  for  the 
submarine  system  was  AX-132,  No.  1.  For  initial  tests 
this  transducer  with  its  varistor  rotor  was  installed 
with  the  remainder  of  the  system  at  the  HUSL  Cali¬ 
bration  Station  at  Spy  Pond.  Pattern  measurements 
were  made  and  found  to  correspond  closely  with 
those  obtained  in  the  laboratory  on  the  breadboard 
rotor  and  discussed  under  ER  rotors.  Noise  meas¬ 
urements  were  made  and  it  was  found  that  signals  of 
the  order  of  0.3  mv  were  visible,  as  against  the  0.7-mv 
minimum  obtained  with  the  laboratory  varistor  sys¬ 
tem.  The  better  shielding  afforded  by  the  location  of 
the  varistor  rotor  inside  the  transducer  was  thought 
to  cause  this. 

The  chief  difficulty  experienced  with  the  first  in¬ 
stallation  of  the  submarine  system  at  Spy  Pond  was 
the  inability  of  the  varistors  installed  inside  the  trans¬ 
ducer  to  withstand  the  application  of  transmitter 
voltage  to  the  system  when  a  transfer  network,  similar 
to  the  one  used  with  the  200-cycle  rotor,  was  tried.  As 
a  result,  a  magnetostriction  projector  ring  stack  was 
incorporated  into  the  first  submarine  system.  Eight- 
and  12-inch  tri planes  were  lowered  into  the  water 
at  Spy  Pond  and  were  readily  detected  by  the  sub¬ 


marine  system  at  ranges  of  about  150  to  200  yards. 
As  a  result  of  these  tests,  the  submarine  system  was 
installed  aboard  the  submarine  USS  Dolphin  at  New 
London  at  the  end  of  February  1915.  A  series  of  tests 
was  undertaken  to  determine  the  maximum  range  of 
discovery  of  certain  small  objects.  In  one  of  the  tests 
a  triplane  12  inches  across  was  discovered  at  ranges  of 
1,400  yards  and  less.  Subsequent  tests  on  another  day 
showed  the  system  capable  of  producing  consistent 
echoes  from  3-foot  mine  cases  at  ranges  of  900  yards. s 

Meanwhile,  experiments  were  begun  at  the  labora¬ 
tory  to  circumvent  the  varistor  destruction  which  was 
involved  in  the  first  test  of  transmission  direct  into 
the  AX-132  crystal  transducer.  An  arrangement  was 
developed  to  protect  the  varistors.0-  10  In  this  circuit, 
as  indicated  at  the  bottom  of  Figure  14,  transmitting 
power  was  applied  to  the  crystal  transducer  through 
a  series  of  48  neon  lamps.  The  drop  across  the  neon 
lamps  was  of  the  order  of  100  volts  instead  of  the 
2,000  or  more  volts  developed  across  the  input  trans¬ 
former  primaries  as  originally  designed.  Rough 
measurements  indicated  that  about  1  kw  of  power 
was  lost  in  the  neon  lamps  at  each  pulse  when  about 
5  kw  of  power  was  applied  to  the  transducer  assembly 
by  means  of  the  transmitter.  (See  Section  7.4  on  ER 
rotors  for  further  description  of  this  transfer  net¬ 
work.)  'Fhis  system  was  then  incorporated  in  an  elec¬ 
tronic  rotor  built  into  AX-136  and  mounted  aboard 
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the  USS  Dolphin  on  the  bottomside  QC  training 
shaft  available  for  that  purpose,  and  it  was  also  in¬ 
stalled  in  a  second  AX-132  topside  transducer. 
Throughout  all  of  the  tests  on  the  USS  Dolphin, 
none  of  the  neon  lamps  failed  in  operation  nor  were 
any  of  the  varistors  burned  out  until  the  end  of  the 
tests,  when  one  of  the  transmitter  output  tubes  be¬ 
came  defective  and  placed  very  large  transients  on  the 
transducer  assembly.  Two  transducers  were  used 
aboard  the  USS  Dolphin,  the  AX-132  No.  2,  mounted 
topside,  and  the  AX- 136  No.  1,  mounted  on  the  bot¬ 
tomside  training  shaft.  Both  of  them  were  equipped 
with  the  neon  lamp  transmit-receive  network. 

The  results  of  tests  made  on  the  USS  Dolphin  with 
the  above  gear  were  satisfactory,  depending  on  echo¬ 
ranging  conditions.  On  days  when  a  bathythermo¬ 
graph  record  showed  an  isothermal  condition  all  the 
way  to  the  bottom,  the  results  were  excellent.  Con¬ 
sistent  echoes  were  obtained  from  small  objects,  such 
as  dummy  mine  cases,  at  ranges  out  to  600  yards  and 
with  discovery  ranges  of  1,500  yards.11 

Triplane  Detection 

Triplanes  were  used  principally  in  the  preliminary 
phases  in  March  to  check  the  operation  of  the  equip¬ 
ment  before  the  practice  mine  field  was  laid  out 
completely.  On  the  first  field  trip,  twelve-inch  tri¬ 
planes  were  used  as  targets  laid  in  the  form  of  a 
square  1,000  yards  on  the  side.  The  topside  AX-132 
transducer  was  used  while  a  separate  transmitting 
ring  stack  was  used  at  the  same  time.  The  targets 
were  placed  at  25-to-45-foot  depths  in  120  feet  of 
water  while  the  USS  Dolphin  maneuvered  at  peri¬ 
scope  depth,  corresponding  to  approximately  55  feet 
from  the  keel  to  the  surface.  The  AX- 132  was  thus  at 
a  depth  of  28  feet.  No  differences  were  observed  as  a 
result  of  the  varying  depths  of  the  target  while  the 
maximum  discovery  range  was  found  to  be  1,400 
yards.  Many  echoes  were  followed  in  to  ranges  of 
about  200  yards  with  consistent  echoes  all  the  way  in. 
Triplanes  were  again  used  about  a  week  after  the 
initial  tests,  at  which  time  the  bottomside  AX-136 
transducer  was  tested.  On  this  occasion  five  triplanes 
were  planted  in  a  straight  line  to  simplify  the  maneu¬ 
vering  problem.  Very  poor  results  were  produced  by 
the  topside  transducer.  With  the  bottomside  trans¬ 
ducer,  however,  a  maximum  range  of  800  yards  was 
obtained.  A  12-inch  triplane  at  a  25-foot  depth  gave 
the  best  results  throughout  the  day.  It  returned 
echoes  on  an  average  of  80  per  cent  of  the  pings  sent 


out,  while  the  remaining  12-inch  triplanes  returned 
only  10  or  20  per  cent  of  the  pings.  The  8-inch  tri¬ 
plane,  which  was  planted  on  one  end  of  the  line,  was 
never  seen  at  any  range.  During  the  day  echoes  were 
observed  at  ranges  of  from  900  to  1,200  yards,  on  an 
unknown  target,  which  later  turned  out  to  be  a 
friendly  submarine  operating  in  the  same  area. 

Mine  Detection 

A  practice  mine  field  was  laid  out  about  3  miles 
east  of  Block  Island  in  water  about  120  feet  deep. 
This  field  was  laid  in  two  parallel  rows  with  13  mines 
in  each  row  at  varying  depths  from  the  surface  to  the 
bottom;  the  distance  between  the  rows  was  500  yards, 
while  the  distance  between  individual  mine  cases  in 
each  was  100  yards.  The  standard  3-foot  spherical 
mine  cases  used  were  filled  with  plaster  of  Paris  and 
air  in  the  same  proportion  as  a  standard  live  mine 
would  be  filled  with  TNT  and  air.  Among  the  prob¬ 
lems  studied  in  the  work  on  the  mine  field,  besides 
the  gaining  of  a  general  impression  of  the  operation 
of  the  system  and  obtaining  operating  experience 
were: 

1.  Consistency  of  echo  return, 

2.  Effect  of  depth  of  target  on  echo  return, 

3.  Bearing  accuracy, 

4.  Bearing  resolution, 

5.  Ability  to  con  a  course  through  the  mine  field 
from  PPI  indications,  and 

6.  Ability  to  follow  mines  to  within  100  yards' 
range. 

In  general,  ranges  obtained  on  the  3-foot  mine 
cases  were  greater  than  had  been  anticipated,  and  the 
maximum  was  found  to  be  1,500  to  1,600  yards.  At 
extended  ranges  the  chance  of  obtaining  echoes  be¬ 
came  very  small,  however,  while  targets  at  fairly 
short  ranges  of  600  to  1 ,000  yards  came  in  with  much 
more  consistency.  The  following  table  giving  the  per¬ 
centage  of  pings  returning  echoes  at  various  ranges 
is  of  interest: 

Range  (yards)  Percentage  pings  giving  echoes 

0-  150  75% 

150  -  600  90% 

600-1000  40% 

1000  and  over  15% 

In  general,  it  was  found  that  those  targets  at  a  depth 
more  nearly  comparable  to  that  of  the  transducer,  be- 
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tween  40  and  70  feet,  gave  the  most  consistent  echo 
return.  In  addition  to  this  numerical  check,  on  at 
least  one  occasion  1 1  mines  were  observed  at  once  in 
a  row  on  the  1,500-yard  sc  ale.  This  further  indicated 
the  ability  of  the  system  to  receive  echoes  at  reason¬ 
able  ranges  without  muc  h  regard  for  the  depth  of  the 
target. 

Bearing  accuracy  checks  made  with  this  gear  were 
few.  The  observations  that  were  made  were  usually 
consistent  to  ±  I  degree,  and  no  difference  in  con¬ 
sistency  was  observed  as  between  mines  and  other 
targets.  Probably  as  a  result  of  the  fairly  broad  receiv¬ 
ing  sensitivity  pattern,  it  was  found  difficult  to  re¬ 
solve  mines  only  100  yards  apart  at  ranges  of  over  800 
yards  because  of  the  broad  PPI  indications  of  the 
echoes. 

Some  work  was  done  with  a  surface  target  in  order 
to  check  the  ability  of  the  equipment  to  echo-range 
on  such  a  target.  The  destroyer  used  as  a  target  lay 
dead  in  the  water,  while  the  USS  Dolphin  spiraled 
outward  from  a  very  short  range  to  rather  long 
ranges.  To  check  the  bearing  accuracy,  coincident 
readings  were  taken  of  center  bearings  of  the  targets 
on  the  PPI  scope  and  of  masthead  bearings  by  the 
periscope.  After  a  5-tlegrcc  correction  was  made  for 
what  was  assumed  to  be  an  error  in  the  setting  of  the 
PPI  deflection  coils,  it  was  found  that  the  readings 
from  the  PPI  and  the  bearing  readings  from  the  peri¬ 
scope  agreed  with  each  other  to  within  ±1  degree. 
During  this  check  a  count  was  kept  on  echoes  re¬ 
turned  for  pings  sent  out.  Between  the  ranges  of  150 
and  1,000  yards,  no  echoes  were  missed  for  over  one 
hour.  When  the  destroyer  was  under  way,  it  was  much 
more  difficult  to  obtain  echoes  from  her  as  a  target 
because  many  echoes  were  lost  in  the  noise  front  the 
destroyer  propellers.  When  the  destroyer  was  making 
12  knots,  the  screws  were  followed  by  the  noise  indi¬ 
cations  out  to  1,400  yards  range,  but  when  the  de¬ 
stroyer  was  making  25  knots,  contact  was  made  at 
3,500  yards  and  lost  at  1,900  yards  as  the  result  of 
passing  through  the  wake  of  the  destroyer.  The  con¬ 
tacts  could  undoubtedly  have  been  made  again  and 
at  a  range  greater  than  3,500  yards  if  the  tests  had  con¬ 
tinued  to  a  greater  range. 

Torpedo  Detection 

For  this  purpose  torpedoes  were  fired  both  from  the 
USS  Dolphin  and  from  another  submarine.  In  11 
cases,  except  that  of  one  run,  the  torpedo  was  detected 
at  the  moment  of  firing.  In  this  one  run,  the  torpedo 


was  not  picked  up  until  it  was  within  1,000  yards  of 
the  USS  Dolphin.  Some  of  these  runs  were  erratic, 
but  at  no  time  was  there  anv difficulty  in  determining 
the  bearing  of  the  torpedo  by  means  of  the  noise  in¬ 
dications  on  the  PPI.  In  the  case  of  the  four  torpe¬ 
does  fired  from  the  USS  Dolphin,  it  was  found  pos¬ 
sible  to  follow  them  to  the  end  of  their  runs  at  dis¬ 
tances  of  about  5,000  yards.  In  every  case  the  torpedo 
would  have  been  detected  at  a  range  sufficiently  great 
to  allow  for  evasive  action  on  the  part  of  the  USS 
Dolphin. 

Depth  Charge  Detection 

One  depth  charge  was  set  off  at  a  distance  of  700 
yards,  while  the  USS  Dolphin  was  on  the  surface,  and 
later  three  standard  300-pound  depth  charges  were 
dropped  while  the  USS  Dolphin  was  submerged. This 
string  was  set  to  explode  about  300  yards  apart  at  a 
range  of  750  yards  from  the  USS  Dolphin.  The  result 
of  the  concussion  on  the  PPI  was  a  complete,  but  not 
intense,  brightening  over  the  whole  scope  face.  As  the 
range  switch  was  set  on  the  1,500-yard  range  at  the 
time,  it  is  evident  that  approximately  two  seconds 
must  have  elapsed  during  the  general  commotion  fol¬ 
lowing  the  explosion.  Approximately  five  or  ten  sec¬ 
onds  after  the  explosion  was  heard,  it  was  possible  to 
obtain  sharp  echoes  from  the  turbulence  by  echo 
ranging  with  the  sonar  gear.  An  echo  could  be  ob¬ 
tained  from  this  turbulence  for  20  minutes  and  more 
after  the  explosion  had  occurred.  When  the  three 
depth  charges  were  set  off  at  ranges  of  100  yards  apart 
750  yards  away,  echoes  were  obtained  after  each  ex¬ 
plosion,  but  no  separate  echo  was  ever  seen.  Appar¬ 
ently  the  turbulence  from  the  charges  overlapped 
sufficiently  to  make  it  impossible  to  resolve  the  in¬ 
dividual  explosions. 

During  these  tests  the  output  power  was  measured 
by  means  of  a  B-19J  hydrophone.  The  AX- 136  bot- 
tomsidc  transducer  was  found  to  produce  about  900 
watts  of  acoustic  power  at  33.6  kc.  At  the  same  fre¬ 
quency  and  pinging  rate  of  the  300-yard  rate,  the 
AX-132  topside  transducer  gave  1.500  watts  acoustic 
output  in  the  water.  The  tests  on  the  topside  trans¬ 
ducer  were  made  by  means  of  a  monitor  hydrophone, 
permanently  installed  on  the  deck  of  the  submarine. 

Before  this  series  of  field  tests  was  carried  out,  it 
had  been  hoped  that  the  3-millisecond  pulse  used  in 
transmission  would  confer  a  great  measure  of  secrecy 
on  the  system  while  echo  ranging.  However,  a  surface 
ship  working  with  us  reported  that  their  standard  QC 
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gear  gave  a  sound  like  someone  hitting  the  loud¬ 
speaker  case  with  a  hammer.  The  standard  755  re¬ 
ceiver,  tuning  from  18  to  30  kc,  picked  up  the  ping  at 
any  point  on  the  dial  with  the  projector  trained  on 
the  sound  source. 

Throughout  most  of  the  tests,  the  wide-range 
monitor  was  connected  to  the  installed  topside  mon¬ 
itor  hydrophone  and  was  left  in  the  beat  position, 
with  the  frequency  dial  set  at  approximately  the  fre¬ 
quency  of  the  transmitted  pulse.  The  amount  of  in¬ 
formation  about  what  was  going  on  outside  was  con¬ 
siderable,  and  it  was  found  at  least  on  one  occasion 
that  distinct  echoes  could  be  heard  even  with  the 
nondirectional  monitor  hydrophone.  In  addition, 
reverberation  would  draw  the  pulse  out  long  enough 
in  time  so  that  a  definite  frequency  could  be  recog¬ 
nized  and  measured  by  means  of  a  beat-frequency 
method. 

73  ER  TRANSDUCERS 

7-31  HP -I  Transducer 

The  rebuilt  version  of  this  transducer  was  used 
with  the  60-cycle  ER  sonar  and  again  with  the  200- 
cycle  ER  sonar  on  the  Aide  de  Camp.  It  was  a  36-ele¬ 
ment  magnetostriction  transducer  with  a  resonant 
frequency  of  about  22  kc. 


Figure  15.  Assembly  cross  section  o£  HP-3S  transducer. 


7.3.2  HP-3S  Transducer 

This  transducer  was  designed  to  be  mounted  on  the 
deck  of  a  submarine  for  use  with  the  submarine  ER 
sonar.  Each  element  consisted  of  four  shorter  ele¬ 
ments  of  the  type  used  in  the  construction  of  HP-3 
and  discussed  in  Chapter  5.  The  48  elements  of  the 
transducer  were  polarized  by  permanent  magnets  and 
were  arranged  in  the  form  of  a  cone  inclined  upward 
at  an  angle  of  approximately  6  degrees  to  the  vertical 
through  the  center  of  the  transducer.  Figure  15  is  an 
assembly  drawing  showing  the  general  construction 
of  the  unit.  A  partial  assembly  of  the  transducer  is 
shown  photographically  in  Figure  16.  The  transducer 
was  designed  with  special  strength  considerations  so 
that  it  would  withstand  both  wave  action,  when  the 
submarine  was  on  the  surface,  and  high  pressures, 
when  the  submarine  was  submerged.  Its  central  por¬ 
tion  was  designed  to  contain  the  electronic  rotor. 

The  impedance  characteristics  of  the  individual 


Figure  16.  Partial  assembly  view  of  HP-3S  transducer. 
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staves  were  similar  to  those  of  HP-3,  the  average  im¬ 
pedance  being  1 5.7  — ; 25  ohms  at  resonance  in  water. 

7-3-3  AX-89  No.  2 

This  36-element  Y-cut  Rochelle  salt  crystal  trans¬ 
ducer,  with  a  resonant  frequency  of  about  21  kc,  was 
originally  constructed  for  use  with  a  GR  system.  It 
was  used  on  the  barge  for  tests  on  lead  lines  and  beam 
pattern  formation.  A  more  complete  discussion  is 
found  in  Chapter  5. 

7-3*  AX -104 

This  transducer  was  obtained  on  loan  from  the 
Naval  Ordnance  Laboratory  following  its  construc¬ 
tion  at  the  Brush  Development  Company.  It  was  com¬ 
posed  of  36  crystal  stacks  arranged  circularly  with  an 
active  face  diameter  of  7 >4  inches,  each  element  hav¬ 
ing  an  active  face  height  of  4  inches.  The  crystals  were 
Y-cut  Rochelle  salt  and  were  resonant  at  approxi¬ 
mately  53  kc.  The  mechanical  construction  of  the 
transducer  is  shown  in  Figure  17,  and  a  photograph 
is  given  in  Figure  18. 

Because  of  the  high  impedance  of  this  crystal  trans¬ 


ducer  it  was  necessary  to  insert  cathode  followers  in 
the  output  of  each  element  before  entering  the  cable, 
thus  making  the  output  impedance  of  the  amplifier 
approximately  700  ohms.  Since  it  was  impossible  to 
drive  the  transducer  through  the  cathode  followers, 
no  transmitting  data  were  obtained  on  this  unit. 
However,  sufficient  receiving  data  and  impedance 
measurement  data  were  collected  so  that  a  clear  pic¬ 
ture  was  obtained  of  its  performance.  Later  on,  trans¬ 
formers  were  installed  in  place  of  the  cathode  fol¬ 
lowers,  but  the  transducer  was  still  not  used  for  trans¬ 
mitting. 

Impedance  versus  temperature  measurements  were 
made  on  this  unit  at  53  kc,  and  it  was  found  that  the 
average  equivalent  shunt  impedance  of  individual 
elements  changed  from  250  —  /1 85  ohms  at  0  C  to 
225  —  j 1 90  ohms  at  18  G.  It  is  to  be  noted  that  the 
variation  here  was  considerably  less  than  with  the 
X-cut  crystal  transducer  CP-1  No.  770,  described  in 
Chapter  5. 

Figure  If)  shows  a  horizontal  receiving  pattern  for 
this  transducer  obtained  with  all  36  elements  receiv¬ 
ing  in  parallel.  The  greatest  deviation  from  this 
average  in  this  pattern  is  ±3  db,  this  being  compara- 
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ble  to  that  of  similar  patterns  for  other  scanning 
sonar-type  transducers.12 

Figure  20  shows  the  response  of  AX- 104.  The  Q  as 
calculated  from  this  curve  is  approximately  3.1. 
Measurements  from  admittance  and  impedance  cir¬ 
cles  indicate  the  efficiency  at  resonance  and  the  max¬ 
imum  efficiency  of  this  unit  to  be  approximately  21 
per  cent,  and  the  potential  efficiency  to  be  30  per  cent. 

Figure  21  shows  a  vertical  receiving  pattern  for  the 
AX- 104  transducer  with  all  elements  in  parallel.  The 
directivity  ratio  as  calculated  from  the  pattern  for  the 
parallel  array  is  0.14.  This  may  be  compared  with  a 
value  of  0.13  for  HP-1  and  0.075  for  HP-2. 

Figure  22  shows  a  receiving  pattern  obtained  with 
a  10-element  lag  line  designed  for  this  transducer. 
The  highest  minor  lobes  for  all  10-element  groups 
were  approximately  20  db  down,  and  the  average 
major  lobe  width  at  6  db  down  was  20  degrees. 

This  transducer  was  used  in  connection  with  the 
53-kc  ER  system  demonstrated  at  the  Mountain  Lakes 
Reference  Laboratory  as  decribed  in  an  earlier  sec¬ 
tion  of  this  chapter. 


Figure  19.  Horizontal  receiving  pattern  with  36  elements 
in  parallel,  AX-104  transducer. 


7-3-5  AX-132  No.  1 

The  AX- 132  transducer  was  constructed  by  the 
Brush  Development  Company.  This  was  a  48-element 
crystal  unit,  constructed  of  ADP  crystals.  These  crys¬ 
tals  were  made  into  staves  arranged  conically  and 
inclined  upward  at  an  angle  of  approximately  6  de¬ 
grees  to  the  vertical  through  the  center  of  the  trans¬ 
ducer.  The  design  of  this  transducer  is  shown  in  Fig¬ 
ure  23,  and  it  is  shown  photographically  in  Figure  24. 
The  active  face  was  10  inches  in  height,  14i/2  inches 
in  diameter  at  the  top,  and  16^4  inches  in  diameter  at 
the  bottom.  The  unit  was  designed  to  be  mounted  on 
the  deck  of  a  submarine. 

Admittance  measurements  made  on  each  of  the  48 
elements  of  the  transducer  indicate  that  the  elements 
tend  to  be  grouped  into  two  admittance  groups.  The 
average  impedance  for  the  elements  in  one  group,  as 
calculated  from  the  admittance  data,  was  894  —  /7320 
ohms,  and  for  the  elements  in  the  second  group,  it 
was  1 190  —  j 7430  ohms.  The  impedance  for  all  of  the 
elements  connected  in  parallel  was  approximately 
23.8  —  j'160  ohms.  All  of  the  impedance  values  given 


Figure  20.  Frequency  response,  AX-104  transducer. 
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Flfil'RK  21.  Vertical  receiving  pattern  with  all  elements 
in  parallel,  AX-101  transducer. 

here  were  derived  from  admittance  data  taken  at  a 
frequency  of  32  kc.i:i 

The  curve  in  Figure  25  represents  the  transmitting 
response  with  all  of  the  elements  connected  in  paral¬ 
lel.  The  mechanical  (J  as  calculated  for  31  kc  is  3.1. 
It  is  to  be  noted  that  the  response  at  the  second  har¬ 
monic  frequency  of  60  kc  was  only  1  db  below  that  at 
the  resonant  frequency. 

Figure  26  shows  the  horizontal  receiving  pattern 
for  this  transducer  with  all  elements  in  parallel. 

An  average  of  the  horizontal  patterns  made  on 
each  of  the  -18  elements  is  shown  bv  the  solid  curve  in 


I-K.i  RK  22.  Horizontal  receiving  pattern  with  10  elements 
compensated,  AX-104  transducer. 


Etta  ire  23.  Assembly  cross  section  of  AX-132  transducer. 


kl  r 


Fici’rf.  21.  Assembly  view  of  AX- 132  transducer. 


CONFIDENTIAL 


ER  TRANSDUCERS 


321 


20  24  28  32  36  40  44  46  52  56  60 

FREQUENCY  IN  kc/sec 


Figure  25.  Transmitting  frequency  response  for  AX-132 
transducer  No.  1. 


Figure  27.  In  this  figure  are  also  shown  the  theoretical 
patterns  for  a  single  element  of  the  type  used  in  the 
transducer  with  pressure  release  baffle  and  stiff  baffle. 


Ficure  26.  Horizontal  receiving  pattern  for  AX-132 
transducer  No.  1. 


It  is  seen  that  the  observed  pattern  coincides  within  a 
few  db  with  the  theoretical  pattern  for  a  pressure  re¬ 
lease  baffle.  The  vertical  receiving  pattern,  made  with 
all  elements  of  the  AX-132  in  parallel,  is  shown  in 
Figure  28.  This  pattern  is  not  complete  because  the 
curve  shown  is  taken  only  within  the  limits  between 
which  the  measuring  hydrophone  could  be  moved.  It 
was  assumed,  however,  that  the  minor  lobes  on  the 
left  side  of  the  central  beam  were  similar  to  those  on 
the  right  side,  and  the  directivity  index  was  calcu¬ 
lated  on  this  basis  to  be  0.08. 

A  total  of  six  Type  AX-132  crystal  transducers  were 
delivered  to  HUSL  by  the  Brush  Development  Com¬ 
pany  and  tested  at  the  Spy  Pond  Calibration  Station. 
All  the  measurements  on  these  transducers  gave  re¬ 
sults  that  were  very  nearly  the  same  as  those  obtained 
with  AX-132  No.  1,  except  that  in  general  the  indi¬ 
vidual  elements  in  any  one  transducer  were  more 
closely  like  each  other  than  were  the  elements  in 
AX-132  No.  I.14-18 

For  example,  the  admittance  measurements  made 
on  individual  elements  for  the  last  five  transducers 
show  that  the  elements  tended  to  be  grouped  close 
together  instead  of  in  two  groups,  with  the  exception 
of  certain  single  elements  in  transducers  No.  4  and 
No.  6.  Circles  drawn  on  the  admittance  diagram  so 
that  all  the  points  were  included  had  radii  that  were 
less  than  2  per  cent  of  the  magnitude  of  the  vector 
admittance. 


Figure  27.  Horizontal  single-element  pattern  of  AX-132 
transducer  No.  1. 
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Flaw.  28.  Vertical  receiving  pattern  of  AX-132  trans¬ 
ducer  No.  1. 


The  resonant  frequencies  of  all  of  these  transdu¬ 
cers  was  very  close  to  32  kc  as  measured  on  about  one 
fourth  of  the  individual  elements  in  each  case.  Hori¬ 
zontal  transmitting  patterns  were  taken  with  all  ele¬ 
ments  connected  in  parallel  and  in  all  cases  were 
found  to  be  flat  within  ±1  db  as  the  transducer  was 


Fk.vkk  29.  Receiving  frequency  response  for  single  ele¬ 
ment  of  AX-132  transducer  No.  6. 


Flaw  30.  Admittance  locus  of  single  element  of  AX-132 
transducer  No.  6. 
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CONDUCTANCE  IN  MICROMHOS 
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Figure  31.  Plot  of  element  admittances,  AX-132  trans¬ 
ducer  No.  6. 


rotated  360  degrees.  Figure  29  shows  the  receiving 
response  of  a  single  element;  Figure  30  the  admit¬ 
tance  of  a  single  element  at  different  frequencies; 
Figure  31  an  admittance  plot  for  all  elements  at  32 
kc;  and  Figure  32  the  transmitting  pattern  of  all  ele¬ 
ments  in  parallel  at  32  kc. 


7-3-6  AX-136  Crystal  Transducer  No.  1 

This  transducer  was  an  ADP  crystal  unit  manufac¬ 
tured  by  the  Brush  Development  Company  and  de- 


Figure  34.  Installed  view  of  AX-136  transducer. 
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signed  for  botloniside  mounting  on  a  submarine.  The 
elements  were  arranged  vertically  around  the  surface 
of  a  cylinder,  the  active  fates  of  the  crystals  forming 
a  surface  having  a  diameter  of  lli/2  inches.  'I 'he  gen¬ 
eral  construction  of  the  unit  is  shown  in  Figure  33, 
and  the  unit  itself  is  shown  photographically  in  Fig¬ 
ure  34. 

The  average  admittance  of  a  single  element  of  this 


Ficvrk  35.  Plot  of  element  admittances,  AX-136  trans¬ 
ducer  No.  1. 


transducer  was  1 1 .954-/1  19.fi  micromhos.  The  aver¬ 
age  impedance  of  all  the  elements  in  parallel  was 
1 1 .03— /1 38.5  ohms,  and  the  average  impedance  of  a 
single  element  was  532-/6030  ohms.  Figure  35  shows 
the  admittances  of  all  the  separate  elements  plotted 
on  the  same  graph  at  32  kc.  Several  of  the  points 
marked  on  this  graph  represent  two  or  more  different 
elements. 111 

Figure  30  gives  the  response  of  all  48  elements  in 
parallel  while  transmitting  with  a  constant  power 
input  to  the  transducer  of  5.0  x  10~r’  watt.  As  can  be 
seen  from  this  graph,  the  transducer  had  a  resonant 
frequency  near  40  kc,  and  when  used  as  a  transmitter 
had  about  4  db  more  output  at  40  kc  than  it  did  at 
32  kc  which  was  the  intended  operating  frequency. 

A  horizontal  receiving  pattern  of  an  individual  ele¬ 
ment  is  shown  in  Figure  37.  This  teas  taken  at  32  kc 
and,  within  experimental  error,  this  is  equivalent  to 
the  receiving  pattern  of  any  of  the  other  single  ele¬ 
ments.  Figure  38  shows  the  horizontal  receiving  pat¬ 
tern  taken  with  all  elements  receiving  in  parallel  at 
32  kc.  This  is  seen  to  be  flat  to  within  ±  1  db. 

The  efficiency  of  the  transducer  was  calculated 
from  the  acoustic  field  measurements  and  the  meas¬ 
ured  impedances  of  the  transducer  itself,  on  the  as¬ 
sumption  of  a  directivity  ratio  of  0.1  for  the  trans¬ 
ducer  as  a  whole  and  about  0.02  for  a  single  element. 
As  a  transmitter  the  efficiency  was  calculated  to  be  13 
per  cent  at  32  kc  and  31.4  per  cent  at  40  kc.  As  a  re¬ 
ceiver  the  efficiency  of  the  transducer  was  calculated 
to  be  20  per  cent  at  32  kc. 

In  all,  six  AX-130  transducers  were  built  and  de¬ 
livered  by  Brush  Development  Company.  Measure¬ 
ments  at  Spy  Pond  indicated  a  transmitting  efficiency 
of  40  per  cent  at  32  kc  for  AX-130  No.  4,  a  typical 
unit.  20 

Admittance  measurements  made  on  individual  ele¬ 
ments  showed  them  all  to  be  grouped  close  together. 
As  described  in  the  previous  section,  circles  may  be 
drawn  around  all  of  the  points  on  the  admittance 
diagram  for  each  transducer  with  a  radius  about  2  per 
cent  of  the  magnitude  of  the  vector  admittance.  As  on 


t'K.i'Ri.  36.  Transmitting  frequency  response  with  all  ele¬ 
ments  in  parallel,  AX-136  transducer  No.  1. 
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Figure  37.  Horizontal  receiving  pattern  of  single  ele-  Figure  38.  Horizontal  receiving  pattern  with  all  ele¬ 
ment,  AX-136  transducer  No.  1.  ments  in  parallel,  AX-136  transducer  No.  1. 


AX-132  transducers,  the  transmitting  patterns  of  all 
elements  in  parallel  showed  deviations  no  greater 
than  ±  1  db  in  a  horizontal  plane.  Details  of  the  meas¬ 
urements  are  given  elsewhere.2125 

7-3-7  54-kc  Ring-Stack  Transducer 

(54  ARS  No.  1) 

Since  cathode  followers  were  placed  in  the  output 
of  each  element  of  the  AX- 104  transducer  to  reduce 
the  impedance,  it  was  impossible  to  transmit  with  this 
transducer.  Consequently,  a  ring  stack  was  con¬ 
structed  to  be  used  for  transmitting.  This  transducer 
was  constructed  of  rings  of  approximately  1-inch  in¬ 
side  diameter  by  1.2-inch  outside  diameter.  Its  gen¬ 
eral  construction  is  shown  in  Figure  39.  It  was  made 
in  two  sections  in  order  to  allow  a  choice  of  direc¬ 
tivity.  The  length  of  each  section  was  3i/2  inches. 

The  horizontal  transmitting  pattern  of  individual 
sections  of  this  transducer,  or  of  both  sections  in  se¬ 
ries,  was  flat  to  within  ±  1  db.  The  vertical  transmit¬ 
ting  pattern  of  a  single  section  and  of  both  sections  in 
series20  is  shown  in  Figure  40  and  Figure  41. 


The  transducer  was  used  only  with  the  two  sections 
in  series,  and  for  that  case  the  impedance  in  water  was 
20  +  ;400  ohms  and  in  air  100  +  /25  ohms.  These 
values  were  taken  at  approximately  54  kc  (the  reso¬ 
nant  frequency  of  the  transducer)  with  a  polarizing 
current  of  2  amperes. 

7  S-8  28-kc  Ring-Stack  (28  ARS  No.  5) 

This  transducer  was  designed  to  be  used  with  the 
ER  submarine  system  for  transmitting.  The  rings  in 
this  transducer  were  approximately  2-inch  inside  dia¬ 
meter  by  2.3-inch  outside  diameter.  Its  general  con¬ 
struction  is  shown  in  Figure  42,  while  Figure  43  shows 
a  photograph  of  the  unit  as  it  was  mounted  near  the 
JK  hydrophone  on  the  deck  of  the  USS  Dolphin. 

The  transducer  was  resonant  at  approximately  31 
kc  and  had  a  horizontal  pattern  flat  to  ±  1  db.20  The 
impedance  at  resonance  in  water  was  approximately 
400  +  /240  ohms,  and  in  air  was  approximately 
870  —  ;87  ohms,  when  a  polarizing  current  of  5  am¬ 
peres  was  used.  No  vertical  patterns  were  taken  on 
this  unit;  consequently,  there  is  no  indication  of  its 
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Figure  39.  Assembly  cross  section  of  54-kc  ring-stack 
transducer. 


directivity.  The  potential  efficiency  of  this  unit,  as 
determined  from  impedance  circles,  was  71  per  cent. 

7-4  ER  ROTORS 

7Al  Functional  Parts  of  Electronic  Rotor 

The  electronic  rotor  is  that  combination  of  circuit 
and  transmission  line  components  that  produces  a 
rotating  beam  of  sensitivity  when  connected  to  a 
multielement  cylindrical  transducer.  It  can  be  de¬ 
scribed  as  consisting  of  three  main  sections:  the  first 
is  the  compensating  lead  line  network  to  which  the 
transducer  elements  are  connected;  the  second  is  an 
array  of  electronic  switches  equal  in  number  to  the 
number  of  elements  in  the  transducer;  the  third  is  the 
switching  generator  which  operates  the  electronic 
switches. 

7-4-2  Operation  of  Lead  Line  in 
Pattern  Formation 

Figure  44  shows  a  multielement  cylindrical  trans¬ 
ducer  array  connected  to  a  lead  line.  Each  element 
numbered  from  1  through  48  is  connected  to  a  point 
on  the  lead  line.  These  points  are  numbered  V 
through  48'.  The  action  of  the  combination  of  trans¬ 
ducer  and  lead  line  is  hereinafter  referred  to  as  the 
first  stage  of  pattern  formation.  Just  below  the  lead 
line  is  shown  a  number  of  electronic  switches,  dia- 
grammatically  represented  as  circles,  numbered  1 
through  48.  The  action  of  the  electronic  switches  on 
the  lead  line  and  transducer  combination  is  herein¬ 
after  referred  to  as  the  second  stage  of  pattern  forma¬ 
tion. 


Figure  40.  Vertical  transmitting  pattern  of  one  section, 
54-kc  ring-stack  transducer. 
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When  the  transducer  is  receiving  sound  from  a 
point  source  at  an  infinite  distance,  a  pattern  is  pro¬ 
duced  along  the  lead  line  which  has  both  amplitude 
and  phase  components.  Figure  45  is  the  amplitude 
pattern  of  the  first  stage  of  ER  sonar.  Figure  46  is  the 
associated  phase  pattern.  (See  Chapter  9  for  the 
method  of  computing  these  patterns.)  It  is  seen  from 
the  amplitude  pattern  that  the  width  of  the  pattern, 
6  db  down,  is  22  degrees,  and  the  height  of  the  prin¬ 
cipal  minor  lobe  is  1 1  db  with  respect  to  the  tip  of  the 
major  lobe.  Other  minor  lobes  exist  as  shown  along¬ 
side  the  first  principal  minor  lobe  in  descending  am¬ 
plitude  order. 

It  is  seen  that  the  slope  of  the  phase  pattern,  with 
respect  to  bearing,  is  greatest  in  the  amplitude  pat¬ 
tern  minima  and  flattens  out  for  each  amplitude  pat¬ 
tern  maximum.  It  is  also  seen  that  the  flattening  of 
the  phase  curve  occurs  most  prominently  in  the  major 
lobe  and  in  the  first  minor  lobe,  with  only  minor  in¬ 
flections  occurring  for  each  succeeding  minor  lobe. 

This  first  stage  pattern  of  ER  sonar  is  scanned  by 
means  of  an  appropriate  group  of  electronic  switches. 
Referring  again  to  Figure  44,  it  is  seen  that  all  of  the 
electronic  switches  have  a  common  output.  Below 
the  array  of  switches  is  seen  the  curve  of  conductivity 
versus  bearing  position.  A  given  switch  conducts  sig¬ 
nals  from  its  input  to  the  common  output  only  when 
the  conductivity  of  the  switch  is  greater  than  zero. 
The  conductivity  wave  is  shown  as  the  tip  of  a  sine 
wave  having  a  base  width  of  40  degrees  (bearing  angle 
sector),  so  that  only  those  switches  lying  directly 
above  the  conductivity  (in  the  drawing)  wave  may 
contribute  signal  from  their  input  to  the  common 
output.  This  conductivity  wave  is  made  to  progress  to 
the  right  by  means  which  are  referred  to  hereafter  as 
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Figure  41.  Vertical  transmitting  pattern  of  two  sections, 
54-kc  ring-stack  transducer. 
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Figure  42.  Assembly  cross  section  of  28-kc  ring-stack 
transducer. 


CONFIDENTIAL 


328 


ELECTRONIC  ROTATION  SCANNING  SONAR 


Figure  43.  Installed  view  of  28-kc  ring-stack  transducer. 


Figure  44.  Schematic  diagram  to  illustrate  ER  pattern 
formation. 


the  switching  generator.  The  motion  of  the  conduc¬ 
tivity  wave  is  repeated  smoothly  by  starting  a  new 
wave  at  the  beginning,  as  the  old  one  is  absorbed  at 
the  end.  This  gives  the  efTect  of  a  rotating  conductiv¬ 
ity  wave  which  moves  from  1  on  through  to  48  and 
around  again  without  discontinuity. 

The  pattern  shown  in  Figure  45  is  considerably 
modified  by  the  second  stage  of  pattern  formation, 
which  appears  in  Figure  47.  In  the  pattern  shown  in 
Figure  47,  a  particular  shape  of  conductivity  wave  is 
assumed;  namely,  three  electronic  switches  arc  as¬ 
sumed  to  be  conducting  in  the  ratio  1  :  x  :  1,  where 
x  varies  between  1  and  4.  In  practice  this  may  be 
accomplished  by  using  a  broad  wave  which  progresses 
as  indicated  in  Figure  44.  It  is  seen  by  comparing 
Figures  45  and  47  that  the  width  of  the  major  lobe  is 
not  changed  appreciably  by  the  second  pattern-form¬ 
ing  process,  whereas  the  height  of  minor  lobes  is  con¬ 
siderably  altered.  The  first  minor  lobe  decreases  in 


height  from  —1 1  db,  in  the  case  of  the  first  stage  pat¬ 
tern,  to  values  between  —  13,5  and  —16  db,  according 
to  the  value  taken  for  x  in  the  ratio  1  :  x  :  1.  The  sec¬ 
ond  pattern  formation  then  serves  mainly  to  decrease 
the  amplitude  of  the  minor  lobes  in  the  rotating 
pattern. 

By  choosing  the  tip  of  a  sine  wave  for  a  conductiv¬ 
ity  wave  form  in  operating  the  electronic  switches,  an 
additional  desirable  property  is  obtained;  namely, 
signals  from  the  individual  elements  in  the  trans¬ 
ducer  and  its  associated  lead  line  are  commutated 
smoothly  into  the  output  circuit  of  the  rotor.  By  this 
means,  it  is  possible  to  interpolate  between  elements 
in  the  transducer  and  lead  line  array  to  determine 
accurately  the  bearing  of  a  particular  source,  even 
though  it  lies  between  the  elements  in  the  array. 

Another  property  of  electronic  rotation  can  be 
seen  by  referring  to  Figure  46.  The  output  of  the  elec¬ 
tronic  rotor  produces  a  pattern  having  a  certain 
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Figure  45.  Amplitude  pattern  in  first  stage  of  ER  pat¬ 
tern  formation. 

phase  relationship,  compared  with  the  phase  of  the 
voltage  developed,  when  the  center  of  the  major  lobe 
is  pointing  in  the  direction  of  the  source.  For  ex¬ 
ample,  at  15  degrees  bearing  from  the  center  of  the 
source,  the  phase  of  the  voltage  in  the  electronic  rotor 


output  lags  zero-bearing  phase  by  32  degrees.  From 
15  to  221/2  degrees,  it  is  seen  that  the  slope  of  the 
phase-versus-bearing  curve  is  much  greater.  A  level¬ 
ing  off  is  seen  between  22y2  and  30  degrees,  from 
which  point  the  phase-versus-bearing-angle  curve  is 
seen  to  rise  sharply.  The  slope  of  the  phase-angle 
curve,  when  multiplied  by  the  frequency  of  rotation, 
equals  the  doppler  produced  instantaneously  by  the 
electronic  rotor.  That  is,  since  the  pattern  rotates  at 
a  known  speed  and  since  the  phase  of  the  voltage  in 
the  output  of  the  rotor  has  a  known  rate  of  change 
with  bearing  and,  therefore,  with  time,  a  frequency 
deviation  results  which  is  added  instantaneously  to 
the  received  signal  frequency.  In  the  case  of  the  elec¬ 
tronic  rotor  used  in  the  submarine  ER  sonar,  this 
doppler  (which  is  referred  to  as  rotation  doppler  to 
distinguish  it  from  the  ordinary  ship  doppler),  was  as 
great  as  9,000  c  on  either  side  of  the  central  signal 
frequency.  Clearly,  by  utilizing  band-pass  filters  in 
the  output  of  the  electronic  rotor,  it  is  possible  to  re¬ 
ject  entirely  those  components  of  the  rotor  pattern 


Figure  46.  Phase  pattern  in  first  stage  of  ER  pattern 
formation. 


Figure  47.  Amplitude  patterns  in  second  stage  of  ER 
pattern  formation  (three  elements  conducting  in  the 
ratio  l:x:l). 
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having  sufficient  doppler  imposed  upon  them  to  take 
the  signal  outside  the  limit  of  the  band-pass  filter. 
This  principle  tvas  utilized  in  the  submarine  system 
electronic  rotor  and  had  the  effect  of  wiping  out  any 
signal  beyond  a  bearing  angle  of  50  degrees.  This  was 
true  because,  in  general,  those  lobes  farther  than  50 
degrees  either  side  of  the  major  lobe  had  the  greatest 
doppler  imposed  upon  them  by  the  electronic  rotor. 

There  are  certain  limitations  on  rotation  speed  due 
to  the  relationship  between  signal  frequency  and  ro¬ 
tation  frequency.  In  the  average  electronic  rotation 
system,  the  major  lobe  traverses  a  given  target  in 
approximately  1/10  of  a  revolution.  During  this  1  /1 0 
of  a  revolution  signal  frequency  is  transferred  from 
the  transducer  to  the  rotor  output  in  accordance  with 
the  shape  of  the  major  lobe.  It  is  desirable  to  have  the 
shape  of  the  major  lobe  accurately  represented  in  the 
rotor  output,  and  a  given  number  of  cycles  at  signal 
frequency  are  required  to  delineate  properly  the 
shape  of  the  ptdsc.  By  experimentation  it  was  found 
that  fewer  than  7  cycles  at  signal  frequency  made  it 
impossible  to  do  this;  consequently,  a  practical  rule 
was  established  which  dictates  that  the  rotation  fre¬ 
quency  be  no  greater  than  1/100  of  the  signal  fre¬ 
quency.  In  this  manner  it  is  guaranteed  that  at  least 
10  cycles  of  signal  be  passed  by  the  electronic  rotor  to 
delineate  the  major  lobe  of  the  transducer  pattern. 

At  various  times  in  the  past,  consideration  has  been 
given  to  the  idea  of  allowing  the  electronic  switches  to 
influence  the  action  of  the  lead  line  in  the  first  stage 
of  pattern  formation  during  the  conduction  of  the 
given  electronic  switch.  These  thoughts  have  taken 
two  major  forms.  Figure  48  illustrates  the  use  of  the 
Miller  effect,  and  Figure  49  illustrates  the  use  of  the 
varistor,  or  similar  control  device,  as  a  reactance 
element. 

Referring  to  Figure  48,  it  was  thought  that  profit¬ 
able  use  might  be  made  of  the  fact  that  the  input 
capacitance  of  a  triode  is  a  function  of  the  gain  of  the 
tube.  A  lead  line  and  generator  were  connected  as 
shown  and  the  phase  difference  between  points  B  and 
A  was  recorded  versus  the  grid  voltage  of  one  half  of 
a  6SL7  duo-triode.  It  was  found  that  considerable 
effect  was  produced  as  the  bias  of  the  6SL7  was  varied 
between  cutoff  and  some  maximum  value.  This  is 
shown  in  the  table  at  the  right  side  of  the  figure.  It 
was  felt  that  the  conducting  triode  at  the  center  of  the 
pattern  could  be  made  to  reduce  the  phase  shift  in 
those  sections  of  the  lead  line  in  which  the  conduc¬ 
tion  wave  was  operating.  In  this  way  it  was  supposed 


l'lci'Ki:  48.  Arrangement  for  testing  influence  of  Miller 
effect  on  lead  line. 


that  the  pattern  produced  by  the  electronic  rotor 
could  be  made  more  nearly  the  theoretical  pattern 
achieved  in  CR  sonar. 

The  circuit  shown  in  Figure  49  was  proposed  in  a 
memorandum  in  November  194  4. 27  This  memoran¬ 
dum  proposed  the  use  of  the  electronic  switch  in  an 
elaborated  arrangement  of  the  Miller-effect  circuit. 
In  this  circuit  the  impedance  could  be  made  into  any 
form  desired;  including  inductive,  capacitive,  resist¬ 
ive,  or  negative  resistive  impedance,  or  any  combina¬ 
tion  of  these.  No  significant  work  has  been  accom¬ 
plished  in  this  field,  however,  because  of  the  addi¬ 
tional  number  of  independent  variables  added  to  the 
general  problem.  Because  of  the  uncertainty  of  the 
effects  produced  upon  the  lead  line  by  the  switching 
mechanism,  (whether  by  Miller  effect,  by  intentional 
reactance  circuits,  or  by  straight  resistance  loading,  as 
in  the  case  of  the  varistor  and  the  diode),  all  elec¬ 
tronic  rotors  produced  thus  far  arc  designed  to  have 
a  minimum  of  these  effects. 

I  he  characteristics  of  the  lead  line  have  been 
found  to  exert  considerable  influence  over  the  shape 


Ehuiri:  If).  Arrangement  for  using  varistor  as  a  reactance 
element. 
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Figure  50.  Circuit  diagram  of  preliminary  experimental 
electronic  rotor. 


Figure  51.  Beam  pattern  produced  by  preliminary  ex¬ 
perimental  electronic  rotor. 


of  the  pattern  produced  by  the  electronic  rotor.  Some 
of  these  effects  have  been  discussed  earlier  in  the  pres¬ 
ent  chapter.  In  more  general  terms,  the  lead  line  can 
be  considered  as  possessing  two  independent  vari¬ 
ables,  each  of  which  has  an  effect  upon  the  shape  of 
pattern.  These  variables  are  (1)  the  phase  shift  per 
section  of  the  transmission  line  and  (2)  the  attenua¬ 
tion  per  section.  It  has  been  found  that  for  each  trans¬ 
ducer  and  frequency,  there  is  an  optimum  phase  shift 
and  attenuation  which  can  be  found  experimentally, 
and  which  with  the  impedance  desired  in  the  lead 
line  completely  defines  the  circuit  components 
necessary. 

7-4-3  Experimental  Work  in  Lead  Lines 

Beam  pattern  formation  by  means  of  a  lead  line 
was  first  attempted  in  July  1943.  Figure  50  shows  the 
schematic  wiring  diagram  of  the  experimental  setup. 
An  artificial  transducer  (see  Chapter  8)  connected  in 
series  with  an  inductance  L  and  a  resistance 
formed  the  shunt  element  of  the  beam-forming  lead 
line  network.  Capacitor  C1;  shown  along  the  top  of 
the  beam-forming  lead  line  in  the  diagram,  com¬ 
pleted  the  connection  from  section  to  section  and 
created  a  constant-A  high-pass  type  of  lead  line  com¬ 
pensator.  The  lead  line  (of  which  only  a  part  is  shown 
in  Figure  50)  was  36  sections  long,  connected  at  both 
ends  to  form  a  continuous  ring.  A  group  of  triode 
elements,  shown  as  elements  1,  2,  3,  4,  5,  and  6  in  the 
diagram,  was  connected  so  that  signals  impressed 
upon  their  grids  were  amplified  and  brought  to  a 
common  plate  output  circuit.  The  individual  grids 
were  attached  to  sections  of  the  lead  line  adjacent  to 


one  another,  and  the  signal  frequency  current  in  the 
common  plate  output  circuit  was  measured.  By  mov¬ 
ing  the  six  grid  contacts  from  position  to  position 
along  the  lead  line  and  by  plotting  the  common  out¬ 
put,  a  pattern  was  produced  (Figure  51)  which  was, 
therefore,  the  beam  pattern  of  this  first  electronic 
test  rotor.  Amplitude  shading  was  produced  in  the 
electronic  switching  elements.  Thus,  triodes  3  and  4 
contributed  the  greatest  amount  of  signal  to  the  com¬ 
mon  output  circuit.  Triodes  2  and  5  were  biased  to 
contribute  one  half  as  much  as  3  and  4.  This  was 
done,  as  shown  at  the  right  side  of  Figure  50,  by  con¬ 
necting  greater  negative  grid  bias  to  triodes  2  and  5 
than  to  3  and  4  and  still  greater  bias  to  triodes  1  and 
6.  It  was  hoped  by  this  means  to  simulate  conditions 
easily  attained  in  actual  electronic  rotation  in  which 
a  sine-wave  switching  pulse  is  applied  to  the  indi¬ 
vidual  grids. 

In  August  1943,  further  experiments  on  lead  line 
constants  were  performed  with  a  complete  60-cycle 
rotation  system  shown  in  Figure  52.  A  3-phase  60- 
cycle  generator  and  phase-splitting  network,  as  de¬ 
scribed  later,  were  used  to  feed  the  triode  grids  with 
a  succession  of  switching  pulses.  The  lead  line  is 
shown  at  the  bottom  of  Figure  52  with  a  typical  sec¬ 
tion  labeled  C3,  L2,  and  R3.  Thirty-six  lead  line  sec¬ 
tions  were  fed  by  an  artificial  transducer  and  in  turn 
fed  signals  on  to  the  vacuum  tube  switches  shown  at 
the  center  of  the  figure.  The  output  of  the  rotor  was 
connected  through  an  amplifier  to  the  vertical  de¬ 
flection  plates  of  a  CRO  with  linear  horizontal  sweep. 
Figure  53  is  a  block  diagram  of  the  test  setup  used  in 
the  laboratory  for  observing  the  effect  on  pattern 
formation  as  lead  line  component  values  and  switch- 
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l-K.t  Ri.  52.  Circuit  diagram  of  60-cyclc  laboratory  rotor. 


ing  pulse  waveforms  were  varied,  l  lic  linear  sweep 
was  adjusted  by  means  of  an  external  synchronizing 
signal  through  a  connection  to  the  output  of  the  3- 
phasc  switching  generator  so  that  recurrent  phe¬ 
nomena  at  the  switching  frequency  were  made  to 
appear  stationary  on  the  face  of  the  scope. 

A  program  was  begun  with  the  rotor,  shown  in 
Figure  52,  to  find  the  most  suitable  component  values 
to  produce  the  best  possible  patterns.  The  magni¬ 
tudes  of  switching  voltage,  bias  voltage,  and  applied 
plate  voltage  were  varied  to  determine  which  com¬ 
bination  of  values  produced  most  satisfactory  results. 
In  the  case  of  the  60-cyclc  rotor,  this  combination  was 
found  to  be  a  negative  bias  of  72  volts  and  an  applied 
switching  voltage  in  each  gricl-return  whose  value  can 
be  written  as  70  cos  oil,  where  o>  is  2 it  X  60  c.  1  he 
plate  voltage  found  for  the  most  quiet  operation  of 
the  rotor  was  45  volts.  These  values  were  checked  for 
each  new  set  of  lead  line  components  connected  into 
the  test  rotor.  The  values  of  lead  line  components 


Fu.i'm.  53.  Arrangement  for  observing  beam  patterns 
produced  by  electronic  rotor. 


found  to  produce  the  most  satisfactory  rotated-trans- 
duccr  pattern  arc  shown  at  the  bottom  of  Figure  52. 
These  were  arrived  at  by  beginning  with  a  lead  line 
having  shunt  resistance  R;.  of  infinity  so  that  there 
was  no  loss  in  the  line.  Capacitances  C:(  were  then 
varied  to  produce  the  best  pattern.  A  new  value  R:{ 
was  chosen  to  give  additional  attenuation  per  section 
of  the  lead  line  and  values  of  capacitances  C3  were 
again  varied  and  the  best  pattern  was  noted.  This 
procedure  was  followed  for  attenuations  per  section 
running  from  1-  to  8-db  steps,  and  capacitances  C3 
from  20  to  250  ji/  J.  The  values  shown  in  the  diagram 
gave  the  best  rotated  transducer  pattern,  which  was 
26  degrees  wide  6  db  below  the  tip  of  the  major  lobe, 
with  minor  lobes  —11  db  relative  to  the  tip  of  the 
major  lobe.  Construction  of  the  shipboard  model  of 
the  electronic  rotor  was  begun,  based  upon  the  ex¬ 
periments  described  above.  These  lead  line  measure¬ 
ments  were  repeated  later  in  1943  with  a  switching 
frequency  of  200  c.  Figure  54  is  the  block  diagram  of 
this  lead  line  test  setup  used  at  HUSL. 

A  lead  line  composed  of  nondissipative  elements 
was  set  up  in  such  a  way  that  the  scries  elements  or 
capacitors  were  removable.  The  attenuation  per  sec¬ 
tion  was  adjusted  to  a  given  value,  such  as  minimum 
of  1  db  per  section.  The  signal-frequency  oscillator 
was  varied  in  frequency  and  the  rotor  output  pattern 
was  viewed  on  the  CRO.  At  this  particular  setting  of 
series  lead  line  impedance,  the  width  of  the  conduc¬ 
tion  pulse  operating  the  electronic  rotor  was  varied 
manually  for  each  frequency  input  to  the  artificial 
transducer  so  that  the  best  pattern  was  secured.  This 
pattern  was  then  noted  in  terms  of  major  lobe  width 
and  minor  lobe  height.  Additional  attenuation  was 
then  introduced  into  each  lead  line  section,  and  the 


I'K.dRi.  51.  Arrangement  for  experimentation  on  lead 
lines. 
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process  repeated  for  attenuation  values  between  —  1 
and  —7  db  per  section.  By  the  process  of  varying  the 
frequency  input  to  the  artificial  transducer  an  ade¬ 
quate  range  of  lead  per  section  was  tested,  and  by  the 
process  of  varying  the  conduction  pulse  width  these 
two  parameters  were  related. 

The  first,  and  one  of  the  most  important,  results 
obtained  during  these  tests  was  the  realization  that 
for  attenuation  values  much  less  than  3  db  per  sec¬ 
tion,  enough  signal  energy  was  transmitted  around 
the  rear  half  of  the  lead  line  to  cause  excessively  high 
back  sensitivity  and  high  minor  lobes  in  the  region 
from  90  degrees  through  180  to  270  degrees.  How¬ 
ever,  it  was  found  that  attenuations  of  much  greater 
than  3  db  per  section  produced  a  perceptible  widen¬ 
ing  of  the  major  lobe;  for  example,  a  6-db  per  section 
attenuation  value  produced  a  major  lobe  of  40  de¬ 
grees  in  width  compared  with  major  lobe  widths  of 
24  degrees  using  3  db  per  section.  In  this  manner  it 
was  ascertained  that  3  db  per  section  is  the  best  com¬ 
promise  value  of  attenuation  in  order  to  obtain  nar¬ 
row  major  lobes  without  too  great  back  sensitivity. 
It  was  also  found  that  phase  advance  of  about  60 
degrees  per  section  at  the  signal  frequency  and  con¬ 
duction  pulse  widths  of  about  20  degrees  6  db  down 
produced  the  best  patterns.  These  values  were  con¬ 
firmed  as  being  optimum  by  later  experiments  on  the 
Aide  de  Camp  200-cycle  ER  sonar  using  the  HP-1 
transducer  and  on  the  submarine  ER  sonar  using 
the  AX- 132  transducer.  In  both  of  these  cases,  the 
phase  advance  of  60  degrees  per  section  yielded  pat¬ 
terns  of  24  degrees  in  width  6  db  down,  with  minor 
lobe  heights  15  to  20  db  below  the  major  lobe  height. 

Figure  55  shows  the  various  forms  of  high-pass  or 
phase-advancing  lines  investigated  as  a  substitute  for 
the  straight  constant  s  type  of  lead  line  used  in  the 
Aide  de  Camp  tests.  The  line  shown  as  A  is  the  lead 
line  that  was  decided  upon  for  all  future  work  using 
magnetostriction  transducers.  In  this  line  the  trans¬ 
ducer  itself  is  represented  as  R  with  +  /X  in  series, 
and  capacitors  C  form  the  series  elements  of  the  lead 
line.  With  R  approximately  0.04  X  in  magnitude, 
capacitance  values  C,  which  would  give  60  degrees 
per  section  of  phase  shift,  also  produced  optimum 
attenuation  per  section  to  produce  the  best  pattern 
using  a  36-element  15-inch  transducer  at  22  kc.  This 
pattern,  in  the  case  of  a  36-element  transducer  of  15- 
inch  diameter  operating  at  22  kc,  was  found  to  be  25 
degrees  wide  with  minor  lobes  17  db  down. 

At  B  is  shown  a  lead  line  having  the  same  charac- 


Figure  55.  Types  of  lead  lines  investigated. 
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terislics  as  that  in  A,  but  in  which  the  shunt  element 
impedance  is  influenced  more  by  inductance  L  and 
resistance  Rj  than  by  the  transducer  element  imped¬ 
ance  R  and  /X.  The  advantage  of  using  a  lead  line 
such  as  this  lies  in  the  fact  that  transducer  impedance 
need  not  be  specified,  but  that  by  means  of  a  bridging 
resistor  R,  the  impedance  of  the  transducer  can  be 
effectively  isolated  electrically  from  the  lead  line.  If 
it  were  found  impossible  to  design  magnetostriction 
or  crystal  transducers  so  that  the  relationship  be¬ 
tween  R  and  /X  is  that  necessary  for  lead  line  A,  then 
lead  line  B  cotdd  be  resorted  to.  Its  chief  disadvantage 
lies  in  the  fact  that  a  certain  amount  of  electrical 
power  loss  is  incurred  in  resistor  Rlf  the  bridging 
resistor,  and  it  is,  therefore,  less  desirable  than  the 
lead  line  A,  which  has  effectively  no  bridging  loss. 

Line  C  embodies  the  isolation  features  of  line  A, 
but  brings  the  signal  from  a  particular  transducer  to 
a  point  midway  between  lead  line  shunt  sections, 
shown  as  L  in  the  figure.  It  was  thought  possible  to 
get  more  uniform  pattern  formation  by  increasing 
the  number  of  sections  in  the  lead  line.  This  proved 
to  be  without  foundation. 

Lead  line  D  is  an  attempt  to  produce  phase  advance 
by  the  mistiming  (that  is,  tuning  to  a  lower  fre¬ 
quency)  of  a  series  of  transformers  for  coupling, 
shown  in  the  diagram  as  T.  This  line  proved  to  have 
greater  dependence  of  pattern  on  frequency  than 
desired. 

Lead  line  E,  a  lattice  type,  was  tried  in  an  effort  to 
reduce  the  amount  of  change  of  phase  shift  or  lead 
with  respect  to  frequency.  It  was  found  to  have  too 
great  a  loss  per  section  for  optimum  pattern  produc¬ 
tion.  Patterns  produced  with  lead  line  E  had  major 
lobes  approximately  1.5  times  the  width  of  those  pro¬ 
duced  by  lead  line  A.  The  introduction  of  L,  or  some 
inductance  in  series  with  Rlt  in  each  case  was  thought 
to  be  too  complicated  to  warrant  competition  with 
lead  line  A. 

Lead  line  E  is  an  wi-dcrivcd  lead  line.  Again  this 
was  an  effort  to  reduce  the  variation  of  phase  shift 
with  frequency,  but  this  lead  line  proved  to  have  no 
advantage  over  lead  line  A,  while  it  had  the  disad¬ 
vantage  of  being  more  complicated. 

Lead  line  G  was  an  RG  lead  line  constructed  for 
experimentation  with  a  noninductivc  lead  line.  It 
proved  to  be  a  failure  because  the  attenuation  de¬ 
veloped  in  one  radian  of  phase  shift  was  about  6  db 
per  section  or  3  db  higher  than  lead  line  A. 

When  lead  line  A  is  used,  the  transducer  imped¬ 


ance  becomes  a  part  of  the  lead  line.  In  this  case,  the 
ratio  of  resistance  to  inductance  in  the  impedance  of 
the  lead  line  determines  the  transducer  character¬ 
istics  desired.  In  general,  transducer  impedances 
equal  to  R  +  /R  satisfy  the  requirement  that  the  lead 
line  possess  3  db  attenuation  per  section.  A  proper 
choice  of  the  series  capacitor  yields  the  required 
phase  shift  of  approximately  60  degrees. 

If  it  is  found  impossible  to  produce  this  relation¬ 
ship  of  resistance  to  reactance,  it  becomes  necessary  to 
use  a  bridged  form  of  lead  line,  such  as  lead  line  B. 
In  this  case,  the  transducer  impedance  is  made  ap¬ 
proximately  equal  to  the  lead  line  impedance.  These 
impedance  values  yield  the  least  loss  in  the  transfer 
of  energy  from  the  transducer  to  the  lead  line. 

Transformers  arc  used  when  the  electronic  switches 
operate  at  impedances  different  from  those  of  the 
transducer.  For  example,  the  triode  vacuum-tube 
rotors  of  the  Aide  de  Camp  60-cyclc  and  200-cycle  ER 
sonars  and  the  53-kc  ER  sonar  required,  for  the  sake 
of  power  economy,  the  highest  possible  impedance  at 
the  grids  of  the  vacuum-tube  switches.  In  these  cases 
the  transducer  impedance  was  transformed  upward 
by  means  of  suitable  impedance-matching  trans¬ 
formers  before  introduction  into  the  switching  grids. 
It  has  been  found  most  satisfactory  to  operate  triode 
grids  at  an  impedance  of  50,000  ohms.  In  such  cir¬ 
cumstances,  the  transducer  is  matched  directly  to  the 
grid  of  the  tube  by  means  of  a  suitable  transformer, 
such  as  Audio  Development  3805- A,  for  matching 
100-ohm  transducers  to  50,000-ohm  grid  circuits.  It 
has  been  found  possible  to  connect  the  lead  line  capa¬ 
citors  at  high  impedance  between  adjacent  grids,  thus 
reducing  the  size  of  capacitors  needed. 

Transmitter  coupling  networks,  also  known  as 
transfer  networks,  introduce  into  the  system  an  addi¬ 
tional  complicating  impedance.  Such  networks 
should  not  interfere  appreciably  with  the  desired 
phase  shift  and  attenuation  in  the  lead  lines.  This 
has  been  found  possible  by  a  method  that  is  described 
later  in  this  section. 

In  January  1915,  the  Brush  transducer  AX-89  No. 
2,  a  36-element  Y-cut  Rochelle  salt  crystal  transducer, 
was  used  for  a  series  of  tests  aboard  Tippecanoe,  the 
test  barge  in  the  Charles  River.  These  tests  were  con¬ 
cerned  with  the  fundamental  behavior  of  lead  lines 
in  pattern  formation  and  with  varistors  as  switching 
elements.  Figure  56  shows  the  schematic  wiring  dia¬ 
gram  of  the  arrangement  used.  In  the  upper  right 
corner  the  switching  lag  line  is  shown.  In  this  case,  it 
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Figure  56.  Arrangement  for  electronic  rotor  tests  on 
barge  Tippecanoe. 


is  a  shunt  arrangement  having  a  characteristic  im¬ 
pedance  of  37  ohms.  Thirty-six  varistors  served  as 
switching  elements,  and  the  transducer  transformers 
were  mounted  inside  AX-89  No.  2.  Signals  were 
brought  out  by  means  of  a  cable  consisting  of  36 
twisted  pairs.  The  varistor  rotor  shown  was  connected 
by  means  of  the  twisted-pair  cable  to  AX-89  No.  2  and 
was  then  connected  to  a  small  wide-band  amplifier 
whose  output  was  led  to  the  vertical  plates  of  a  linear- 
sweep  CRO.  The  sweep  frequency  was  externally  syn¬ 
chronized  with  the  switching  voltage  input  to  the 
switching  lag  line  of  the  test  rotor.  Aboard  the  barge 
Tyler  Too  was  placed  a  transmitting  projector 
which  received  signal  from  a  Western  Electric  oscil¬ 
lator.  The  tests  included  the  behavior  of  pattern  pro¬ 
duction  versus  magnitude  of  switching  signal  input, 
lead  line  parameters,  and  the  type  of  varistors  used. 

The  following  conclusions28  were  arrived  at  as  a 
result  of  the  tests  on  Tippecanoe  with  the  AX-89  No. 
2  transducer  and  varistor  rotor: 

1.  The  pattern  width  is  widest  when  the  number 
of  varistors  conducting  is  a  maximum;  decreases  as 
the  number  of  conducting  varistors  is  decreased;  and 
reaches  an  optimum  value  which  is  a  function  of  the 


pattern  forming  lead  line.  As  the  number  of  varistors 
conducting  is  decreased  still  further,  the  major  lobe 
width  does  not  change  significantly.  It  would  appear, 
therefore,  that  there  is  an  optimum  conduction  pulse 
width  consistent  with  a  given  pattern.  This  width  is 
34  of  the  optimum  pattern  width. 

2.  Minor  lobe  height  decreases  as  the  number  of 
conducting  varistors  is  increased.  In  general  the  opti¬ 
mum  conduction  pulse  given  in  conclusion  No.  1 
results  in  minor  lobe  heights  averaging  —16  db  with 
relation  to  the  tip  of  a  major  lobe.  (This  can  be  said 
for  at  least  AX-89  No.  2,  but  has  been  observed  gen¬ 
erally  in  the  behavior  of  other  electronic  lead  line 
rotors.) 

3.  The  choice  of  lead  line  parameters  has  a  pro¬ 
found  effect  upon  pattern  formation.  These  may  be 
juggled  for  each  particular  transducer  to  obtain  best 
results.  In  the  tests  performed,  a  lead  line  formed  by 
inserting  0.04-/xf  capacitors  gave  patterns  averaging 
25  degrees  in  width  with  minor  lobes  averaging  16  db 
down.  A  lead  line  formed  with  0.06- /A  capacitors  gave 
average  patterns  approximately  3  degrees  wider  with 
minor  lobes  an  average  of  4  db  stronger.  Patterns 
formed  using  no  lead  line  whatsoever  averaged  40 
degrees  in  width  with  minor  lobes  as  strong  as  in  the 
first  case. 

4.  It  has  been  shown  that  the  characteristics  of 
varistors  have  a  profound  effect  upon  the  uniformity 
of  pattern  production.  It  would  appear  that  these 
must  be  held  within  tolerance  of  ±  10  per  cent. 

7AA  Switches 

Electronic  switches  used  in  electronic  rotors  must 
be  capable  of  control  of  the  transfer  function  so  that 
the  switch  may  follow  a  prescribed  conduction  pulse 
form,  which  has  been  found  to  be  the  tip  of  a  sine 
wave.  The  gain  of  the  switch  in  the  nonconducting 
condition  is  required  to  be  at  least  50  db  less  than  the 
maximum  gain,  if  back  sensitivity  is  down  by  40  db. 
Also,  the  switch  must  not  introduce  excessive  noise 
into  the  system.  In  general,  a  level  of  switching  noise 
at  signal  frequency  no  greater  than  0.25  microvolts  at 
100  ohms  has  been  achieved. 

The  band  pass  required  to  accommodate  the  sig¬ 
nals  generated  by  the  electronic  rotor  is  a  function  of 
the  rotation  speed  and  the  width  of  major  lobe  at¬ 
tained  in  the  pattern.  In  general,29  the  band  pass  re¬ 
quired  is  equal  to  the  rotation  frequency  times  3/2, 
the  reciprocal  of  that  fraction  of  a  rotation  cycle 
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Figure  57.  Principles  of  operation  of  varistor  and  diode 
switches. 


occupied  by  the  major  lobe  at  the  8.7  clb  down  points. 
In  the  practical  case,  the  submarine  system  which  has 
a  rotation  speed  of  300  c  and  a  major  lobe  30  degrees 
wide  would  require  a  bandwidth  of  5 A  kc.  The  sub¬ 
marine  system,  then,  would  operate  best  with  a  5-kc 
band-pass  filler  in  the  output  of  its  electronic  rotor. 

The  electronic  switches  used  in  ER  rotors  may  be 
divided  into  four  basic  types.  The  first,  illustrated  in 
Figure  57,  is  a  varistor  switch.  As  can  be  seen  in  this 
figure,  the  resistance  of  a  varistor  to  the  passage  of 
small  signal  frequency  current  is  a  function  of  the 
control  voltage.  At  control  voltages  more  negative 
than  —1  volt,  the  varistor  has  a  resistance  (commonly 
referred  to  as  its  back  resistance)  of  100,000  ohms  or 
more.  In  the  forward  direction,  at  control  bias  values 
greater  than  +  .%  volt,  the  varistor  has  a  resistance  of 
70  ohms.  The  varistor  has  in  addition  an  internal 
capacitance  that  must  be  neutralized  by  capacitor  Cv 
(shown  in  the  upper  left  drawing)  used  in  the  normal 
“plate”  type  of  neutralization  circuit. 

The  varistor  is  equivalent  to  a  diode  in  its  opera¬ 
tion.  In  the  diode  shown  at  the  right  side  of  the  dia¬ 
gram  in  Figure  57,  the  neutralizing  capacitor  Cv  may 
be  omitted  because  of  the  low  internal  capacitance  of 
diodes.  It  is  seen  that  the  diode  reaches  a  minimum 
resistance  of  800  ohms  to  the  passage  of  signal  cur¬ 


rent,  compared  with  70  ohms  in  the  case  of  the  varis¬ 
tor.  Also,  tin  external  resistance  is  shown  equivalent 
to  the  varistor  back  resistance. 

The  varistor  is  commonly  applied  in  a  self-biasing 
switch  circuit  shown  in  Figure  58.  In  such  a  circuit 
the  applied  switching  voltage  is  rectified  by  the  varis¬ 
tor  and  the  rectified  current  charges  the  capacitor 
C.  The  back  resistance  of  the  varistor  is  approxi¬ 
mately  10,000  times  its  front  resistance,  so  that  the 
discharge  time  of  the  capacitor  is  accordingly  longer 
than  its  charging  period.  The  capacitor  rapidly  accu¬ 
mulates  a  charge  which  acts  to  bias  off  the  varistor, 
except  during  the  short  conduction  period,  during 
which  signal  in  the  varistor  input  circuit  is  trans¬ 
ferred  to  its  output  circuit.  A  pulse  of  signal  then  is 
passed  to  the  output  circuit  having  the  envelope 
shape  of  the  tip  of  a  sine  wave. 

The  varistor  has  the  valuable  property  of  possess¬ 
ing  an  impedance  approximately  equivalent  to  the 
impedance  found  in  magnetostriction  transducers. 
In  the  case  of  crystal  transducers,  transformers  are 
needed  to  transform  the  high  crystal  impedance 
down  to  varistor  impedance.  Varistors  have  the  dis¬ 
advantage  of  requiring  neutralization  of  the  com¬ 
paratively  high  capacitance  existing  across  their 
plates. 

Varistors  have  the  definite  advantage  of  being  pas¬ 
sive  elements.  This  makes  possible  their  inclusion  in 
such  comparatively  inaccessible  places  as  the  interior 
of  transducers. 


PLATE 

CURRENT 


__/\ 


TIME 


OUTPUT 

CURRENT 


■A/[ Ae 


TIME 


Figure  58.  Principle  of  operation  of  self-biasing  switch 
circuit. 


CONFIDENTIAL 


ER  ROTORS 


337 


TRIODE  ELECTRONIC  SWITCH 

(negative  grid) 


Figure  59.  Principle  of  operation  of  triode  switch  circuit. 


Varistors  have  the  disadvantage  of  being  far  more 
nonuniform  in  characteristics  than  the  average  vac¬ 
uum  tube.  Also,  they  have  been  found  to  be  easily 
damaged  by  the  application  of  high  transmitter 
voltage. 

Among  vacuum-tube  switches  investigated  at 
HUSL,  only  the  triode  type  of  switch  was  incor¬ 
porated  into  electronic  rotors.  For  this  purpose  a 
Type  6SN7  duo-triode  was  used.  In  both  the  Aide  de 
Camp  60-cycle  system  and  the  200-cycle  system,  as 
well  as  in  the  53-kc  system,  36  triode  elements  in  18 
tubes  were  employed.  All  of  the  cathodes  were  tied 
together  and  a  high  positive  bias  was  applied  be¬ 
tween  this  point  and  ground,  thus  cutting  off  all  of 
the  elements.  A  given  triode  would  conduct  only  if 
enough  positive  switching  voltage  were  present  so 
that  the  tube  would  be  brought  into  a  conducting 
state.  Figure  59  shows  such  a  switch.  In  this  type  of 
switch  the  voltage  appearing  at  the  36  grids  must  be 
carefully  balanced  so  that  equality  is  obtained  over  a 
range  of  not  more  than  ±14  volt  in  the  36  circuits. 
In  general  this  necessitated  the  employment  of  36 
carefully  chosen  voltage  dividers  or  a  36-potenti- 
ometer  system.  Also  in  such  a  switch  it  is  required  to 
regulate  carefully  the  amplitudes  of  both  bias  and 
switching  voltage  to  insure  that  the  switches  operate 
at  the  proper  point.  This  adjustment  was  found  to  be 
quite  critical  and  consequently  became  the  motivat¬ 


ing  factor  in  the  development  of  a  self-biasing  switch 
such  as  the  varistor  switch  previously  described. 

Plate  switching,  in  which  grids  and  cathodes  are 
maintained  at  fixed-bias  potentials  and  in  which  each 
plate  receives  operating  voltage  from  a  switching  lag 
line,  was  proposed  in  a  memorandum30  and  was  tried 
in  October  1944.  It  was  found  to  require  plate  power 
pulses  of  such  great  amplitude  and  of  such  short  dura¬ 
tion  that  a  transmission  line  for  switching  could  not 
be  successfully  built  to  handle  such  a  pulse  without 
considerable  distortion.  For  this  and  other  reasons, 
the  signal-to-noise  ratio  in  a  plate  triode  switch  was 
found  to  be  considerably  poorer  than  in  a  triode 
switch  in  which  switching  is  accomplished  in  the  grid 
circuit.31 

A  pentagrid,  or  multielement  electronic  switch,  is 
diagrammed  in  Figure  60.  In  such  a  switch  it  is  pos¬ 
sible  to  use  the  advantages  of  self-regulation  and  self¬ 
bias,  discussed  above  under  varistors,  and  to  benefit 
from  the  separation  of  signal  from  switching  circuits, 
which  is  impossible  when  the  varistor  is  used.  The 
waveforms  developed  in  various  parts  of  the  circuit 
are  shown  in  the  small  circles.  Alternative  forms  of 
multielement  operation  have  been  proposed,  includ¬ 
ing  a  method  of  screen  grid  switches  in  which  signal 
is  applied  to  the  screens  while  switching  voltage  is 
applied  in  the  usual  peak  rectifier  manner  to  the  first 
grid.  Another  method  was  to  use  suppressor  switches 
in  which  switching  voltage  is  applied  to  the  suppres¬ 
sor  of  a  vacuum  tube  while  signal  voltage  is  applied 
at  grid  No.  1.  None  of  these  schemes  has  been  oper¬ 
ated  in  an  electronic  rotor.32’33 


7.4.5  Switching  Generators 

All  electronic  rotors  require  a  polyphase  switch¬ 
ing  generator  for  proper  operation.  This  generator, 
by  supplying  either  sine  waves,  or  pulses  having  the 
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Figure  60.  Circuit  diagram  of  pentagrid  switch. 
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Ek.i  ri  01.  Types  of  conduction  pulse  forms. 

shape  of  tips  of  sine  waves,  serves  to  operale’the  indi¬ 
vidual  switching  elements.  The  fundamental  repeti¬ 
tion  frequency  of  the  generator  determines  the  rota¬ 
tion  speed  of  the  transducer  pattern  of  sensitivity. 
The  polyphase  operation  of  the  switching  generator 
requires  a  number  of  phases  separated  by  the  same 
interval.  For  example,  a  36-element  electronic  switch 
requires  that  the  positive  peak  of  switching  voltage 
be  delivered  to  the  switches  at  10-degree  intervals  in 
successive  rotation  during  each  revolution.  It  is  the 
cyclic  appearance  of  the  positive  peaks  that  causes  the 
electronic  switching  elements  to  operate  in  a  rotary 
sequence. 

It  has  been  found  by  experimentation  with  the 
pulse  shapes,  shown  in  Figure  61  encompassing  four 
shapes  of  pulses,  that  the  pulse  form  producing  best 
operation  is  the  tip  of  a  sine  wave  35  degrees  wide  at 
its  base.  This  sine  wave  tip  is  generally  clipped  from 
a  broader  sine  wave  tip  or,  in  some  cases,  from  a  com¬ 
plete  sine  wave  by  the  electronic  switch  itself. 

Figure  62  shows  the  method  which  was  adopted  for 
the  first  polyphase  generator.  A  three-phase  genera¬ 
tor,  which  in  this  case  was  a  standard  GE  synchro¬ 
type  5  DG,  was  driven  by  a  single-phase  3,600-rpm 
motor  to  produce  a  3-phase  60-cycle  voltage  of  good 
waveform  and  of  100-volt  amplitude.  The  3-phase 
voltages  at  the  output  of  the  switching  generator 
were  then  connected  to  three  transformers,  whose  sec¬ 
ondaries  were  center-tapped  and  connected  at  the 


center  tap  to  form  the  neutral  of  a  6-phasc  star- 
connected  system.  Each  of  the  phases,  shown  as  ro¬ 
man  numerals  I  through  VI  inclusive,  were  then  con¬ 
nected  to  a  ring  of  resistances,  shown  in  the  diagram 
as  R,,  R,,  R  „  and  R,,  R,,  R,,  chosen  so  that  a  phase 
shift  of  10  degrees  per  resistor  junction  would  be 
achieved.  From  each  resistor  junction  to  the  neutral 
was  connected  a  potentiometer  shown  as  P  in  the 
table  of  values  at  the  right  of  the  diagram  and  let¬ 
tered  as  A  through  T  on  the  diagram.  These  were 
adjusted  so  that  the  amplitudes  of  switching  voltage 
at  the  arm  of  each  potentiometer  were  made  equal. 
This  is  necessary  in  the  case  of  a  resistive  phasc-split- 
ing  method,  because  the  amplitude  of  the  voltage 
developed  at  a  given  resistor  junction  decreases,  as 
does  a  radius  vector  drawn  from  the  center  of  a  circle 
to  a  chord.  Referring  now  to  Figure  62,  each  of  the 
triode  grid  returns  was  connected  to  the  points  shown 
as  A,  etc.,  and,  in  this  manner,  triodes  1  through  36 
were  made  to  conduct  in  succession. 

Since  all  of  the  phase-splitting  elements  are  rc- 
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Figijkk  62.  Circuit  diagram  of  phase-splitting  switching 
generator. 
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Figure  63.  Arrangement  for  using  cathode-ray  tube  as 
switching  generator. 


36  or  4  6  SLOT  STATOR 
WOUND  as  36  or  48  PHASE  - 
STAR'CONNECTED  GENERATOR 


ROTOR-PERMANENT  MAGNET 


Figure  64.  Arrangement  for  using  rotating  polyphase 
generator  as  switching  generator. 


sistive,  an  advantage  of  the  rotating  machine  and 
phase  splitter  is  that  proper  phase-splitting  action  is 
accomplished  regardless  of  generator  frequency.  The 
chief  disadvantage  is  the  fact  that  by  requiring  a  ro¬ 
tating  machine  for  operation  the  rotation  speed  is 
limited  to  60  cycles  when  standard  parts  are  used. 
One  of  the  objects  of  the  development  of  electronic 
rotation  is  the  creation  of  a  system  capable  of  much 
higher  rotation  speeds. 

A  cathode-ray  switching  generator  was  proposed 
as  shown  in  Figure  63.  Procurement  was  investigated, 
but  it  was  found  that  none  of  the  commercial  firms 
manufacturing  cathode-ray  tubes  would  undertake 
the  development  of  a  special  tube  of  this  type. 

A  standard  electric  motor  stator  frame  having  36 
slots  was  found,  and  this  machine  was  wound  as  a 
36-phase  star-connected  generator.  A  pair  of  Alnico 
magnets  were  machined  and  mounted  as  a  rotating 
field.  The  machine  was  driven  by  a  3,600-rpm  motor 
for  the  purpose  of  producing  a  switching  signal  in 
each  of  the  windings  of  the  36-phase  generator  (see 
Figure  64).  A  suitable  pulse  was  developed  by  this 
machine  and  was  close  enough  to  the  shape  desired  to 
warrant  the  commercial  production  of  several  models 
of  this  machine  for  further  laboratory  testing.  A  con¬ 
tract  was  let  with  the  Westinghouse  Company  to  pro¬ 
duce  six  machines  having  36-phase  stators  and  three 
having  48-phase  stators  to  meet  the  requirements  of 


transducers  then  under  construction  at  HUSL.  Un¬ 
fortunately,  in  the  time  allotted,  the  Westinghouse 
Company  could  not  produce  a  generator  sufficiently 
free  from  distortion  of  the  developed  pulse  to  satisfy 
the  requirements  of  the  ER  system. 

Also  investigated  was  the  method  of  binary  coun¬ 
ter-switching  shown  in  Figure  65,  which  consists  of 
seven  pairs  of  triodes  connected  in  multivibrator  cir¬ 
cuits  with  feedback  return.  In  the  resistor  matrix 

i 

(shown  below  the  diagram)  there  is  one  combination 
of  resistors  connected  to  either  the  left  or  right  line 
shown  in  each  pair  of  lines,  that  produces  the  most 
positive  pulse  at  a  given  point  in  the  rotating  cycle. 
It  is  seen  by  examination  of  the  positions  of  the  re¬ 
sistors  in  this  matrix  that  point  No.  1  is  most  positive 
first,  then  point  No.  2  follows,  and  so  on,  so  that  a 
positive  pulse  is  developed  in  rotation  in  a  36-  or  48- 
phase  system.  A  model  of  this  binary  counter  switch¬ 
ing  generator  was  built  but  it  was  found  that  the 
component  tolerances  and  number  of  parts  proved 
prohibitive,  so  that  the  development  was  dropped. 

Transmission  lines  were  first  conceived  as  switch¬ 
ing  mechanisms  for  electronic  rotors  in  July  1943. 34 
It  was  proposed  at  that  time  to  use  a  delay  network 
36  sections  long  having  a  phase  lag  of  10  degrees  per 
section  at  60  cycles  for  the  operation  of  an  array  of 
36  triode  elements.  Sixty-cycle  sine  waves  were  to  be 
introduced  at  the  beginning  of  the  line  and  absorbed 
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in  its  terminating  resistance  at  a  point  360  degrees 
later.  As  the  positive  peak  traveled  down  the  lag  line, 
it  caused  the  triodc  connected  to  that  given  lag  line 
section  to  conduct.  A  negative  bias  was  used  to  cut  oil 
all  triode  elements  when  not  in  the  presence  of  the 
positive  peak.  This  principle  was  found  successful 
and  was  adopted  for  all  rotors  except  the  first  two  ex¬ 
perimental  models.- 

The  first  experimental  electronic  rotor  operated  at 
a  60-c  rotation  rate.  A  switching  lag  line  built  to  oper¬ 
ate  this  particular  rotor  was  unsuccessful  because  of 
saturation  in  the  iron  core  inductances.  (This  line  is 
shown  at  the  top  of  Figure  60.)  It  had  to  be  aban¬ 
doned  in  favor  of  the  resistive  phase-splitter  switch¬ 
ing  generator  supplied  by  a  rotating  3-phase  gen¬ 
erator. 

The  development  of  suitable  transmission  lines  for 
use  in  electronic  rotation  was  begun  in  November 
1943.  These  transmission  lines  arc  of  three  general 
types.  The  first  type  employed  was  an  m -derived  line, 
in  which  m  equals  1.3.  It  was  designed  to  have  linear 
phase  shift  versus  frequency  characteristics  up  to  the 
10th  harmonic  of  the  fundamental  switching  fre¬ 
quency.  This  line  employing  72  coils  and  30  capaci¬ 
tors  for  30  elements,  was  considered  over-complicated 
although  it  performed  satisfactorily.  It  was  designed 
to  be  distortionless  over  the  wide  frequency  range 


previously  mentioned.  Thus  switching  pulses  coidd 
be  applied  to  the  line  and  suffer  no  distortion  by  the 
line  itself  in  their  travel  from  the  beginning  to  the 
termination.  This  line  is  the  second  diagram  of  Fig¬ 
ure  00. 

A  new  type  of  bridgcd-T  line  was  developed  at  this 
timc:,"'"'MI  and  teas  constructed  with  30  inductances 
and  72  capacitors.  It  was  found  to  be  more  economi¬ 
cal  in  space  and  construction  time  than  the  w-derived 
line.  It  has  been  employed  in  the  200-cycle  and  500- 
cycle  vacuum-tube  rotors  as  well  as  in  Models  1  and 
1A  of  the  submarine  FR  sonar.  This  line  is  shown 
second  from  the  bottom  of  Figure  00. 

A  derivative  of  the  bridgcd-T  switching  lag  lines 
has  been  developed'17  which  has  the  virtue  of  requir¬ 
ing  half  the  number  of  inductances  for  a  given  line. 
Such  a  line  requires  only  25  inductances  and  18  capa¬ 
citors  for  a  48-element  line.  This  is  the  type  of  lag 
line  used  in  the  Model  2  submarine  ER  sonar  rotor 
and  in  the  Tippecanoe  test  rotor  setup.  This  is  shown 
as  the  lowest  portion  of  Figure  60.  This  latter  line 
uses  fewer  coils  than  the  bridgcd-T  type  above,  but 
more  capacitance,  and  it  occupies  approximately  the 
same  total  volume. 

One  of  the  problems  involved  in  the  operation  of  a 
lag  line  as  a  switching  generator  is  the  accurate  syn¬ 
chronization  of  switching  frequency  to  the  constants 
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Figure  66.  Types  of  transmission  lines  used  as  switching 
generators. 


of  the  lag  line.  If,  for  example,  switching  frequency 
was  lower  than  the  fundamental  line  frequency  as  de¬ 
fined  above,  a  gap  would  appear  in  the  rotation  of  the 
system  since  the  positive  peak  would  have  been  ab¬ 
sorbed  in  the  terminating  resistance  a  short  time  be¬ 
fore  the  application  of  a  new  pulse.  If  the  applied 
frequency  were  too  high,  then  it  would  be  possible 
for  two  groups  of  switches  to  be  operated  at  the  same 
time.  Accordingly,  bearing  errors  and  beam  distor¬ 
tion  would  result. 


Figure  67.  Circuit  diagram  of  switching  generator  with 
phase-locked  oscillator. 


Several  methods  have  been  proposed  for  the  con¬ 
trol  of  the  switching  oscillator  to  synchronize  it  with 
the  lag  line.  The  first  of  these  involves  the  use  of  a 
blocking  oscillator  in  which  the  arrival  of  the  posi¬ 
tive  peak  at  the  end  of  the  line  is  used  to  trigger  off 
the  next  cycle.  This  was  found  to  be  less  desirable 
than  other  forms  of  synchronization,  because  of  the 
unstable  character  of  the  blocking  oscillator. 

A  second  form  of  synchronization  is  that  in  which 
signal  from  the  end  of  the  lag  line  is  coupled  directly 
back  into  the  oscillator  circuit,  thus  forming  a  feed¬ 
back  path  360  degrees  long  at  some  given  frequency. 
This  is  similar  in  operation  to  a  Hewlett-Packard 
type  of  oscillator,  in  which  a  given  phase  shift  is  re¬ 
quired  for  proper  oscillation  and  which,  occurring  at 
only  one  frequency,  tends  to  lock  the  oscillator  into 
stable  operation.  Figure  67  shows  a  circuit  that  was 
used  in  the  200-cycle  Aide  de  Camp  system.  In  this 
case,  signal  was  taken  from  the  end  of  the  lag  line  and 
coupled  to  the  oscillator  by  means  of  a  6J5  triode. 

Both  of  the  systems  described  above  proved  in¬ 
ferior  in  operation  to  the  frequency  discriminator 
circuit  (shown  in  Figure  68)  that  was  employed  in  the 
submarine  ER  sonar.  In  this  system  the  phase  differ¬ 
ence  between  signals  at  the  beginning  and  end  of  the 
switching  lag  line  is  compared  by  a  BDI-type  phase- 
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Figure  68.  Circuit  diagram  of  switching  generator  with 
discriminator-controlled  oscillator. 
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sensitive  discriminator  circuit  to  correct  the  fre¬ 
quency  of  the  switching  oscillator.  The  oscillator  is 
an  RC  phase-shift  type  in  which  the  signal  from  the 
plate  of  a  pentode  amplifier  is  fed  into  an  RC  net¬ 
work,  whose  phase  shift  is  180  degrees,  and  then  fed 
back  to  the  grid  of  the  pentode  amplifier.  The  first 
resistance  of  the  feedback  network  was  replaced  by  a 
triodc  combination  whose  effective  resistance  was 
controlled  by  the  d-c  voltage  from  the  discriminator. 
This  circuit  had  great  sensitivity.  It  held  the  switch¬ 
ing  oscillator  within  ±0.1  cycle  of  the  correct  operat¬ 
ing  frequency  under  any  of  the  conditions  encoun¬ 
tered  thus  far. 

Pulse  generators,  used  for  the  application  of  switch¬ 
ing  voltage  to  transmission  lag  lines  in  electronic 
rotors,  are  required  to  supply  a  pulse  whose  positive 
peak  has  the  shape  of  the  tip  of  a  sine  wave.  The  am¬ 
plitude  required  for  the  proper  operation  of  the 
switching  line  is  a  function  of  the  type  of  electronic 
switch  employed  and  of  the  impedance  of  the  lag  line. 
The  repetition  frequency  of  the  pulse  generator  is 
determined  by  the  constants  of  the  lag  line,  which  arc 
in  turn  determined  by  the  rotation  speed  desired  in 
the  electronic  rotor. 

The  pulse  repetition  rate  is  that  frequency  at 
which  the  delay  in  the  entire  lag  line  is  equal  to  one 
wavelength.  For  example,  a  transmission  line  having 
36  sections,  in  which  each  section  introduces  a  phase 
lag  of  10  degrees  at  200  cycles  so  that  a  total  delay  of 
360  degrees  occurs  at  the  200-cyclc  point,  must  be 
supplied  with  pulses  having  a  200-cycle  repetition 
rate. 

Vacuum-tube  rotors,  employing  triodes  in  which 
no  current  is  drawn  from  the  switching  mechanism, 
permit  the  use  of  switching  lag  lines  of  higher  im¬ 
pedance  than  do  rotors  using  current  drawing  de¬ 
vices  such  as  varistors.  In  the  lag  lines  built  in  this 
laboratory,  a  1,500-ohm  characteristic  impedance  has 
been  used  to  operate  vacuum-tube  electronic 
switches,  while  lag  lines  of  between  35  and  50  ohms 
have  been  considered  suitable  for  varistor  switches. 

In  the  case  of  the  vacuum-tube  switch  in  which  a 
common  bias  is  used  to  cut  off  all  switches,  except 
those  under  the  direct  influence  of  the  positive  switch¬ 
ing  pulse  peak,  it  has  been  found  economical  to  clip 
the  sine  wave  generated  by  the  fundamental  switch¬ 
ing  oscillator  so  that  the  total  switching  voltage  ap¬ 
plied  to  the  switching  lag  line  is  minimized.  In  the 
case  of  the  200-  and  500-cycle  vacuum-tube  rotors,  the 
tip  of  a  sine  wave  having  a  base  width  of  90  degrees 


was  applied  to  the  switching  lag  line.  This  pulse  tip 
was  20  volts  high  and  was  opposed  by  bias  voltages  of 
—  23  volts.  Had  sine  wave  been  employed  instead,  a 
total  sine  wave  amplitude  of  72  volts  (peak  to  peak) 
would  have  necessitated  a  negative  bias  of  —39  volts. 
Thus,  a  saving  was  effected  by  clipping  the  switching 
sine  wave  so  that  a  pulse  of  smaller  amplitude  would 
be  applied  to  the  lag  line. 

In  the  case  of  varistors,  where  no  opposing  bias 
voltage  is  used  (each  varistor  generates  its  own  cutoff 
bias  in  a  peak  rectification  circuit)  and  in  which  only 
three  volts  rms  of  sine  wave  switching  voltage  is  re¬ 
quired  for  proper  operation,  nothing  is  gained  by 
clipping  the  voltage  applied. 

In  the  case  of  nonrectifying  switches  necessitating 
the  use  of  a  common  opposing  bias,  it  is  found  neces¬ 
sary  to  equalize  the  applied  switching  amplitudes  ap¬ 
pearing  at  the  36  or  18  lag  line  junctions.  This  re¬ 
quires  a  system  of  a  corresponding  number  of  resis¬ 
tive  voltage  dividers,  which  must  be  carefully  ad¬ 
justed  so  that  the  amplitude  of  switching  voltage 
available  for  each  electronic  switch  is  held  within 
±i/,  volt.  It  is  this  stringency  which  motivated  the 
search  for  a  type  of  electronic  switch  that  does  not 
require  such  careful  voltage  equalization. 

With  the  varistor  switch,  or  the  pentagrid  con¬ 
verter  switch  (in  fact,  any  self-regulating  switch)  it  is 
found  possible  to  omit  the  voltage-divider  networks. 


UIODE  PEAK  RECTIFIER  PULSE  GENERATOR 


FicatRK  f>9.  Circuit  diagrams  of  clipping  types  of  switch¬ 
ing  pulse  generator. 
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Figure  70.  Circuit  diagram  of  blocking  oscillator  type  of 
switching  pulse  generator. 

Such  switches  have  been  found  to  operate  successfully 
over  a  range  of  ±  2  db  in  applied  switching  voltage, 
with  negligible  effect  upon  their  switching  character¬ 
istics.  The  self-biasing  feature  of  the  switch  takes  care 
of  the  differences  in  applied  amplitudes. 

Voltage  sources  for  transmission  lag  lines  have 
taken  three  general  forms.  A  sine  wave  source  consist¬ 
ing  of  a  discriminator-stabilized  RC  phase  shift  oscil¬ 
lator  has  been  used  in  all  of  the  submarine  systems. 
A  second  form  was  a  sine  wave  oscillator  followed  by 
a  clipping  circuit  as  used  in  the  200-cycle  and  500- 
cycle  systems.  The  third  form  tried  was  the  blocking 
oscillator,  not  used  in  any  system. 

Figure  69  shows  the  application  of  the  oscillator  to 
two  forms  of  clipper  circuit  for  conversion  into  prop¬ 
erly  shaped  pulses.  At  the  upper  half  of  the  diagram 
is  shown  a  class  C  amplifier  which  is  self-biasing  so 
that  it  passes  only  the  positive  tip  of  the  oscillator 
voltage  to  the  lag  line.  The  lower  diagram  shows  a 
peak  rectifier  diode  used  for  the  same  purpose.  The 
current  flowing  through  the  diode  generates  a  voltage 
across  a  small  resistance  placed  in  series  with  the 
diode  cathode,  which  is  then  amplified  in  a  class  A 
amplifier  and  passed  on  to  the  lag  line,  shown  at  the 
right  of  the  drawing. 

Figure  70  shows  a  blocking  oscillator  type  of  pulse 
generator  in  which  only  a  portion  of  a  sine  wave  is 
actually  generated,  in  which  case  the  oscillator  blocks 
itself  off  in  the  manner  commonly  used  in  radar  cir¬ 
cuits.  This  last  type  was  found  to  be  unstable  and  was 
not  included  in  any  system. 

The  power  requirements  of  the  vacuum-tube  high- 
impedance  type  of  lag  line  and  of  the  low-impedance 
low-amplitude  lag  line  used  in  varistor  switches  are 
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approximately  the  same.  From  1/  to  1  watt  of  power 
is  required  as  a  steady-state  input  to  the  lag  lines.  In 
no  case  has  it  been  found  necessary  to  use  any  larger 
switching  generator  output  tube  than  a  Type  6V6. 
This  is  applied  through  a  suitable  impedance-match¬ 
ing  transformer  to  the  lag  line. 

7A-6  Summary  of  Electronic  Rotor  Designs 

The  preceding  sections  have  discussed  design  cri¬ 
teria  of  the  various  components  of  electronic  rotors. 
Table  1  gives  the  essential  data  on  those  rotors  which 
were  used  in  experimental  ER  sonars. 

The  rotating  generator  and  resistor  phase-splitter 
switching  generator  were  applied  to  both  the  labora¬ 
tory  60-cycle  rotor  and  the  Aide  de  Camp  rotor.  The 
laboratory  rotor  was  constructed  on  a  large  bread¬ 
board  for  purposes  of  easy  adjustment  of  component 
parts.  The  Aide  de  Camp  60-cycle  rotor,  which  is 
shown  in  Figure  4,  used  the  same  system  features  but 
was  reduced  to  the  form  shown  for  installation 
aboard  ship.  This  system  employed  18  duo-triodes, 
and  used  impedance-matching  transformers  to  match 
the  low-impedance  transducer  to  the  grid  circuits. 

The  Aide  de  Camp  200-cycle  rotor  was  likewise  a 
compact  version  of  the  laboratory  rotor.  Eighteen 
duo-triodes  were  used  in  connection  with  a  switching 
generator  of  the  transmission  line  type.  This  rotor 
was  built  into  a  BDI  type  of  cabinet,  its  chief  differ¬ 
ence  from  the  laboratory  rotor  being  the  inclusion  of 
a  tube-testing  switch  and  meter  for  checking  the  op¬ 
eration  of  the  tubes  while  the  system  was  in  use.  The 
switching  oscillator  was  phase-locked  to  the  lag  line. 

The  53-kc  500-cycle  rotor  differed  from  the  Aide  de 
Camp  200-cycle  rotor  in  only  two  respects:  (1)  the 
switching  lag  line  was  constructed  for  500-cycle  rota¬ 
tion  and  (2)  the  lead  line  impedance  was  10,000  ohms 
rather  than  50,000.  The  lower  impedance  was  neces¬ 
sary  because  of  the  stray  capacitive  coupling  at  the 
higher  signal  frequency.  This  rotor  was  constructed 
in  a  BDI  cabinet  and  employed  a  tube-testing  circuit. 
Its  lag  line  was  phase-locked  to  the  switching  oscil¬ 
lator. 

The  laboratory  varistor  rotor  was  a  breadboard 
version  of  the  submarine  rotor  Model  1.  The  switch¬ 
ing  lag  line  operated  at  300  cycles  and  no  trans¬ 
formers  were  needed  to  couple  the  low  impedance 
from  the  artificial  (magnetostriction)  transducer  to 
the  rotor. 

The  submarine  system  embodiment  of  the  48-sec- 


CONFIDENTIAL 


344  ELECTRONIC  ROTATION  SCANNING  SONAR 


Tabu:  1 

.  Details  of  Rotors  Used  in 

Complete  ER  Sonars. 

ER  Rotor 

Type  of 
switch 

Switching 

generator 

Rotation 

frequency 

Signal 

frequency 

Transducer 

Number  of 
elements 

Spiral 

sweep 

Mechanical 

arrangement 

60-cycle 
rotor  Aide 
de  Camp 
system 

|  6SN7 
triodes, 
externally 
biased 

36  0  resis¬ 
tive  phase 
splitter. 

36  potentio¬ 
meters  to 
equalize 
amplifiers 

60  — 

22  kc 

HIM 

Magncto- 

strictivc 

36 

3  0  genera¬ 
tor  excited 
by  sawtooth 
rotor  current 

Constructed 
on  five 
chassis,  inter¬ 
connected  by 
cables 

200-cycle 
rotor  Aide 
de  Camp 
system 

4  6SN7 
triodes, 
externally 
biased 

200-cycle 
lag  line, 
pulse  input. 
Synchronized 
by  oscillator 
feedback 

200  — 

22  kc 

HP-I 

Magneto- 

strictivc 

36 

Electronic 
sawtooth 
modulation 
of  signal 
from  switch¬ 
ing  oscillator 

Constructed 
inside  I5DI 
cabinet 

500-cycle 
rotor,  high 
frequency 
system 

4  6SX7 
triodes, 
externally 
biased 

500-cycle 
lag  line, 
pulse  input. 
Synchronized 
by  oscillator 
feedback 

500  - — 

53  kc 

AX-10 1 

Y-cut 
Rochelle 
salt  crystal 

36 

Electronic 
sawtooth 
modulator 
of  signal 
from  switch¬ 
ing  oscillator 

Constructed 
inside  BDI 
cabinet 

Submarine 
system  rotor 

Varistors, 

self-biased 

300-cyclc 
lag  line, 
sine  wave 
input. 

Synchronized 
by  frequency 
discriminator 

300  — 

32  kc 

AX-132 

AX-136 

ADP  crystals 

48 

Electronic 
sawtooth 
modulation 
of  signal 
from  switch¬ 
ing  oscillator 

Constructed 

inside 

transducer 

tion  laboratory  varistor  rotor  used  the  same  switch¬ 
ing  lag  line  to  operate  the  varistor  switches  but  em¬ 
ployed  a  network  of  matching  transformers  to  trans¬ 
form  the  high  capacitive  impedance  of  the  crystal 
transducers  AX-132  and  AX-130  down  to  the  re¬ 
quired  impedance  60  +  /80  ohms.  A  frequency-dis¬ 
criminator  circuit  was  used  to  synchronize  the  switch¬ 
ing  oscillator  to  the  lag  line.  The  submarine  system 
contained  no  preamplifier  built  into  the  rotor  be¬ 
cause  the  rotor  was  installed  inside  the  transducers. 
This  represented  a  fundamental  departure  from  the 
procedure  followed  in  the  vacuum-tube  rotors. 

The  36-element  self-biasing  varistor  rotor  used  in 
the  Tippecanoe  setup  made  use  of  a  double  it  sec¬ 
tion  switching  lag  line  shown  at  the  bottom  of  Figure 
66  instead  of  the  bridged-T  type  of  line  used  in  all 
previous  systems.  This  rotor  involved  only  36  ele¬ 
ments  because  of  its  operation  in  connection  with 
AX-89,  a  36-element,  18-inch  diameter,  Rochelle  salt 
Y-cut  crystal  transducer  of  25-kc  resonant  frequency. 
Since  the  rotor  was  used  only  for  tests,  it  employed  no 
synchronization  circuits  to  adjust  the  switching  oscil¬ 


lator  to  the  lag  line,  a  function  which  was  performed 
manually. 

lA.i  Transmit-Receive  Networks 

A  transmit-receivc  network  is  required  in  the  ER 
system  so  that  transmission  into  all  of  the  elements  of 
the  transducer  may  be  accomplished  with  these  ele¬ 
ments  connected  electrically  in  parallel,  while  in  the 
receiving  condition  each  element  may  be  connected 
to  the  rotor  as  an  individual  circuit  clement.  Another 
requirement  is  that  the  transmit-receivc  network  ab¬ 
sorb  a  minimum  of  power  and  permit  the  trans¬ 
ducer  to  be  utilized  at  full  efficiency  during  transmis¬ 
sion.  Still  another  requirement  is  that  the  transmit- 
receivc  network  introduce  no  spurious  paths  which 
transfer  energy  from  one  clement  to  any  other  ele¬ 
ment  in  the  receiving  condition. 

The  first  ER  system,  namely  the  60-cvcle  Aide  de 
Camp  system,  made  use  of  a  36-pole  double-throw 
relay  bank.  In  an  effort  to  eliminate  the  large  number 
of  relay  contacts,  the  capacitive  transmit-receivc  net- 
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Figure  71.  Circuit  diagram  of  capacitive  transmit-receive  Figure  72.  Circuit  diagram  of  inductive  transmit-receive 

network.  network. 


work  was  evolved  as  shown  in  Figure  71.  The  signal 
relay  shown  at  the  left  of  the  drawing  is  normally 
open.  In  this  condition  the  common  return,  coming 
from  the  rotor  network  at  the  right  side  of  the  dia¬ 
gram,  is  grounded  through  the  relay  leaf.  The  trans¬ 
mitting  capacitors  C  are  likewise  grounded.  Under 
these  circumstances,  the  capacitors  are  simply  paral¬ 
leled  with  the  transducer  elements,  represented  as  the 
inductance  L  and  resistance  R  in  the  diagram.  The 
capacitors  C  may  have  reactance  which  is  large  com¬ 
pared  to  the  transducer  element  impedance,  in  which 
case  they  represent  only  a  light  reactive  load  on  the 
transducer  elements.  Under  other  circumstances,  they 
may  tune  the  inductance  in  the  transducer  elements 
to  resonance  at  the  operating  frequency,  serving  to 
increase  the  voltages  developed  by  the  transducer  in 
reception.  The  fact  that  their  common  point  is 
grounded  in  reception  prevents  energy  originating  in 
any  transducer  element  from  reaching  any  other 
transducer  element  across  the  capacitive  network. 

In  transmission  (as  shown  in  Figure  71),  the  rotor 
common  return  is  disconnected  from  the  transducer 
common  return  so  that  no  potential  difference  exists 
among  the  transducer  elements  in  transmission.  All 
points  in  the  rotor  network  are  raised  to  the  same 
potential;  hence,  no  potential  differences  are  ob¬ 
tained  across  rotor  elements.  This  condition  is  true 
only  when  all  transducer  impedances  and  all  capa¬ 
citive  reactances  are  identical.  With  5-per  cent  toler¬ 


ance  components,  a  reduction  in  potential  may  be 
obtained  across  each  rotor  element  of  30  to  40  db, 
compared  with  the  case  in  which  the  common  rotor 
return  is  not  disconnected. 

One  difficulty  encountered  in  the  case  of  the  capa¬ 
citive  transmit-receive  network  is  the  transfer  of  en¬ 
ergy  from  transducer  element  to  transducer  element 
caused  by  transformer  effect.  Adjacent  windings,  hav¬ 
ing  a  coefficient  of  magnetic  coupling  of  the  order  of 
0.1,  transfer  considerable  amounts  of  energy  between 
them  because  of  the  fact  that  at  some  frequency  the 
transmitting  capacitors  tune  the  element  inductances 
to  the  same  frequencies.  This  is  very  much  like  the 
action  which  takes  place  in  a  double-tuned  i-f  trans¬ 
former.  In  the  case  of  HP-1  in  the  200-cycle  Aide  de 
Camp  system,  energy  transfers  of  as  high  as  —4  db 
occurred,  element  to  element,  at  a  frequency  only  3 
kc  removed  from  the  operating  frequency.  It  was 
finally  decided  to  eliminate  this  form  of  coupling  by 
the  use  of  the  inductive  transmit-receive  network 
diagrammed  in  Figure  72.  The  principles  of  this  net¬ 
work  are  the  same  as  those  of  the  capacitive  network 
described  above.  However,  by  the  use  of  inductive 
elements,  tuning  and  energy  transfer  problems  were 
eliminated.  The  only  design  criterion  employed  was 
to  make  the  coupling  inductance  at  least  five  times 
the  transducer  inductance  so  that  it  did  not  inter¬ 
fere  with  the  proper  operation  of  the  lead  line  in 
which  the  transducer  impedance  was  a  shunt  element. 
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Figure  73.  Circuit  diagram  of  preliminary  transtnit- 
receive  network,  submarine  ER  sonar. 


Figure  73  shows  the  transmit-reccivc  network  tried 
in  the  first  Model  1  submarine  rotor.  This  system  was 
found  inadequate  because  the  varistors  proved  in¬ 
capable  of  supporting  more  than  10  volts  rms  of  sig¬ 
nal  voltage  without  breakdown.  The  capacitance  to 
ground  of  the  switching  lag  line  network  nullified  in 
part  the  disconnecting  effect  of  the  relay  leaf  used 
for  that  purpose,  so  that  the  balance  desired  in  this 


NOT  OVER  10V  RMS 
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with  protective  neon  lamps,  submarine  I'.R  sonar. 


form  of  transmission  network  was  not  obtained.  In 
practice,  the  2,000  volts  appearing  across  each  trans¬ 
ducer  element  was  reduced  by  only  2G  db  to  100  volts 
across  some  varistors,  thus  causing  breakdown.  An¬ 
other  factor  influencing  the  poor  balance  obtained 
was  the  nonuniformity  in  element  impedance  of  the 
early  AX- 132  and  AX- 130  transducers.  As  a  result  of 
these  considerations,  the  coupling  network  shown  in 
Figure  71  was  finally  developed.®  In  this  coupling 
network  the  transducer  elements  are  connected  to  the 
transmitter  in  series  with  neon  lamps  of  Type  991, 
eliminating  almost  entirely  any  voltage  appearing 
across  the  transducer  transformer  windings.  This  is 
the  system  that  was  used  aboard  USS  Dolphin  (Fig¬ 
ure  75). 

7.4.8  Mechanical  Construction  of 
Electronic  Rotors 

'Fhc  electronic  rotor  of  the  Amt:  ijf.  Camp  is  shown 
in  Figure  4.  This  form  of  mechanical  construction  of 
a  vacuum-tube  rotor  was  abandoned  in  favor  of  the 
single-cabinet  type  of  construction  shown  in  Figure 
8.  Visible  on  the  front  panel  is  the  tube-testing  meter 
and  selector  switch  as  well  as  the  on-ofl  switch  and 
pilot  lights  and  the  bias  control.  The  base  of  the  BDI 
cabinet  contains  the  power  supply  and  pulse  genera¬ 
tor.  The  switching  lag  line  is  mounted  on  the  back 
of  the  rotor  cabinet.  Figure  9  is  a  view  of  the  inside 
construction  of  the  rotor  itself.  The  preamplifier  can 
be  seen  at  the  top  of  the  chassis  behind  the  tube-test¬ 
ing  switch.  The  array  of  30  transformers  and  18  tubes 
occupies  the  remainder  of  the  chassis  space.  Inter¬ 
connections  among  the  elements  of  the  rotor  are 


Erni  Ki  77>.  Installed  view  of  protective  neon  lamps  on 
AX-132  transducer,  submarine  ER  sonar. 
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made  by  means  of  AN  plugs,  some  of  which  are  vis¬ 
ible  at  the  bottom  of  this  chassis. 

The  electronic  rotor  of  the  500-cycle  53-kc  ER 
sonar  was,  with  respect  to  mechanical  construction, 
exactly  the  same  in  every  detail  as  the  200-cycle  rotor. 
However,  a  departure  was  made  in  the  rotor  for  the 
submarine  ER  sonar,  which  was  designed  for  in¬ 
clusion  inside  the  transducer.  It  was,  therefore,  con¬ 
structed  in  part  as  a  right  circular  cylinder  9  inches 
in  diameter,  to  be  inserted  in  the  hole  provided  in  the 
submarine  transducers.  The  component  parts  of  the 
submarine  rotor  were  designed,  as  discussed  below,  to 
be  readily  removable  for  tests  and  replacement.  These 
parts  were  constructed  on  identical  removable  sub¬ 
chassis  which  were  interchangeable  for  purposes  of 
replacement. 

Figure  76  is  a  photograph  of  the  assembled  elec¬ 
tronic  rotor  which  was  designed  for  installation  in¬ 
side  the  AX-132  or  AX-136  transducers.  Incorporated 
in  the  rotor  were  the  signal  frequency  lead  line,  the 
switching  lag  line,  all  of  the  varistor  switching  ele¬ 
ments,  all  of  the  neutralizing  capacitors,  the  input 


Figure  76.  Assembled  view  of  electronic  rotor  Model  1A, 
submarine  ER  sonar. 


transformer  that  fed  the  switching  lag  line,  the  elec¬ 
tronic  rotor  output  transformer,  the  transmit-receive 
relay,  and  the  pulse  repetition  rate  control  circuits. 
Figure  77  shows  two  views  of  an  individual  rotor 
sector. 

Figures  78  and  79  show  the  upper  or  fixed  section 
of  the  electronic  rotor.  The  projector-matching  and 
transmitting  transformers  were  arranged  with  the 
lead  line  capacitors  near  the  top  of  the  unit.  A  circle 
of  49  banana  plugs  connected  the  projector  elements 
to  the  rotor  (48  elements  and  ground).  Also  installed 
in  this  upper  section  were  the  input  and  output  trans¬ 
formers,  the  synchronizing  circuits,  and  the  relay. 

Submarine  ER  sonar  rotor  Model  1A  was  designed 
for  insertion  into  the  AX-132  and  AX-136  trans¬ 
ducers.  Model  1  was  designed  earlier  (but  completed 
later)  for  insertion  into  the  HP-3S  transducer,  and 
differed  slightly  in  arrangement  of  parts  at  the  top 
of  frame,  as  may  be  seen  in  Figure  80. 

Experience  with  the  first  submarine  ER  sonar  elec¬ 
tronic  rotor  Model  1  indicated  that  only  the  varistor 
elements  were  particularly  vulnerable  to  damage  and 
would  require  replacement  under  normal  circum¬ 
stances.  For  this  reason  a  Model  2  rotor  was  designed 
in  whicl  i  a  double  n  section  type  of  lag  line  was  em¬ 
ployed  to  reduce  the  number  of  parts,  and  in  which 
all  the  varistors  were  mounted  at  the  top  of  the  rotor. 
They  were,  therefore,  readily  accessible  for  test  or 
replacement  without  removing  the  entire  rotor  from 
the  transducer.  A  photograph  of  this  rotor  is  shown 
in  Figure  81.  Connections  to  the  transducer  elements 
and  to  the  external  circuits  were  made  with  screws 


Figure  77.  Front  and  back  views  of  sector,  electronic 
rotor  Model  1A,  submarine  ER  sonar. 
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Figure  78.  Side  view  of  electronic  rotor  Model  I A  with 
sectors  removed,  submarine  l-.R  sonar. 


Figure  7!).  Top  view  of  electronic  rotor  Model  I  A,  sub¬ 
marine  ER  sonar. 


and  Shake-proof  soldering  lugs.  This  rotor  was  de¬ 
signed  for  accommodation  in  the  AX-132  and  AX¬ 
IS!)  transducers. 

7  >  INDICATORS  AND  CONTROLS 

Early  laboratory  tests  on  ER  systems  were  con¬ 
ducted  using  a  commercial  type  of  cathode-ray  oscil¬ 
loscope  with  linear  sweep  or  with  a  PPI  display  of 
makeshift  design,  in  the  discussion  to  follow  on  the 
development  of  ER  scanning  sonar  indicators,  the 
types  and  capabilities  vary  from  a  simple  PPI  cath- 


Ek.i  ri  80.  Partially  assembled  view  of  electronic  rotor 
Mo  ld  !,  submarine  I\R  sonar. 
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ode-ray  tube,  with  only  relative  bearing  engraved  on 
the  filter  over  the  face  and  with  controls  on  indi¬ 
vidual  chassis  of  the  system,  to  the  submarine  ER 
sonar  indicator  cabinet,  which  contained  all  the  nec¬ 
essary  controls  grouped  at  the  operator  position. 

7-5-1  Indicators  for  60-cycle  ER  Sonar 

On  the  Aide  de  Camp  60-cycle  ER  sonar  a  panel- 
mounted  cathode-ray  tube  indicator  was  used.  Opera¬ 
tor  controls  were  on  their  respective  chassis.  A  mecha¬ 
nical  cursor  was  used  over  a  relative  bearing  scale  en¬ 
graved  on  a  yellow  filter  placed  over  the  tube. 

7.5.2  Indicators  for  200-cycle  ER  Sonar 

A  CR  repeater  scope,  or  remote  indicator,  was  used 
in  this  experimental  system  (see  Figure  82).  Designed 
primarily  as  a  compact  remote  indicator,  the  indi¬ 
cator  was  171/2  inches  long,  10  inches  wide,  and 
I0y8  inches  high.  In  the  center  of  the  panel  was  lo¬ 
cated  a  7BP7  cathode-ray  tube,  around  which  the 
controls  were  symmetrically  grouped.  A  relative  bear¬ 
ing  scale  was  provided  by  engraving  the  filter  placed 
over  the  tube. 

Inside  the  scope  housing,  two  chassis  mounted  at 
right  angles  contain  the  high-  and  low-voltage  power 
supplies  and  their  associated  voltage-divider  net¬ 
works.  (See  Figure  83  for  a  schematic  diagram  of  this 
sonar  repeater  scope.)  Adjustments  necessary  to  reg¬ 
ulate  the  display  were  on  the  individual  chassis  in  the 
rack  of  ER  scanning  ecjuipment.  Four  ranges  of  500, 
1,000,  2,000,  and  4,000  yards  could  be  selected  by 
means  of  the  range  switch  on  the  switch  chassis. 

Standard  2-phase  deflection  coils  were  utilized, 
which  produced  a  spiral  that  was  not  so  uniform  as 
desired.  Toward  the  end  of  the  sweep  there  was  a 
tendency  for  the  deflection  to  become  square  or  to 
develop  other  irregularities.  Further  experimenta¬ 
tion,  to  improve  the  circularity  of  the  spiral,  indi¬ 
cated  that  the  entire  source  of  nonuniformfty  was 
not  in  the  deflection  coils,  but  was  partially  devel¬ 
oped  in  the  output  of  the  sweep  chassis.  To  correct 
the  deflection  coil  distortion,  the  stator  coil  assembly 
of  a  2-phase  2-pole  Kollsman  generator  was  used. 
(The  order  for  this  assembly  specified  “Stator  coil 
assembly,  SK455-901,  2-phase  2-pole  generator  stators, 
I.D.  of  winding  1700  on  both  ends.”)  By  experiment¬ 
ing  in  reversing  the  leads  of  the  coil  it  was  possible 


Figure  82.  Front  view  of  200-cycle  ER  sonar  indicator. 


Figure  81.  Assembled  view  of  electronic  rotor  Model  2, 
submarine  ER  sonar. 
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Figure  83.  Circuit  diagram  of  200-cycle  ER  sonar  indi¬ 
cator  scope. 


KOLLSMAN  2  PHASE 


Figure  81.  Circuit  diagram  of  indicator  scope  for  53-kc 
ER  sonar. 


to  eliminate  a  portion  of  the  irregularities  remain¬ 
ing,  such  as  60-cycle  and  1 20-hum  pickup.  These  coils 
were  used  exclusively  in  later  construction  of  ER 
sonar  indicators. 

7-5-3  Indicators  for  53-kc  ER  Sonar 

Several  improvements  developed  through  experi¬ 
ence  with  the  CR  remote  indicator  and  were  applied 
to  the  indicators  for  the  53-kc  ER  sonar  and  later  sys¬ 
tems.  A  circuit  diagram  for  the  PPI  tube  is  shown  in 
Figure  84. 

Specifications  for  cathode-ray  tube  applications  re¬ 
quired  that  the  d-c  heatcr-to-cathode  potential  be  of 
minimum  value,  about  125  volts.  As  a  protection 
front  breakdown  between  filament  and  cathode,  the 
filament  supply  was  raised  positive  above  ground  ap¬ 
proximately  50  volts  by  a  voltage  divider  network 
from  the  low-voltage  B+  supply. 

Another  worth-while  modification  was  the  addi¬ 
tion  of  a  potentiometer  to  vary  the  first  anode  volt¬ 
age,  as  a  means  of  manually  regulating  the  back¬ 
ground  intensity  of  the  beam.  It  was  found  imprac¬ 
tical  to  change  the  cathode  potential  to  control  the 
initial  intensity  at  the  repeater  or  a  repeating  scope, 
since  change  in  the  cathode  circuit  was  likely  to  vary 
the  characteristics  of  the  blanking  pulse,  to  insert  60- 


or  120-cycle  modulation  of  the  beam,  and  otherwise 
to  introduce  distortion,  l  ive  circuits  to  which  a  re¬ 
peater  was  applied  used  a  positive  square  pulse  to  the 
cathode  for  blanking,  and  also  the  same  pulse  for 
keying  the  transmitter.  A  secondary  means  of  back¬ 
ground  intensity  control,  by  varying  the  cathode  bias, 
would  therefore  have  complicated  electronic  design 
in  an  attempt  to  overcome  errors  caused  by  a  sec¬ 
ondary  loading  of  the  circuit. 

Two  of  the  schemes  used  to  vary  background  in¬ 
tensity  are  shown  at  (A)  and  (B)  in  Figure  85.  That  at 
(A)  was  used  in  the  53-kc  ER  sonar  indicator,  and  that 
at  (B)  was  used  in  the  submarine  ER  sonar  indicator. 
It  was  possible,  with  cither  system,  to  vary  the  first 
anode  voltage  over  a  100-volt  range.  It  was  preferred 
to  operate  at  a  higher  voltage  on  the  first  anode  so 
that  operation  would  be  within  the  operating  speci¬ 
fications  of  the  tube.  In  series  with  the  cathode  of  the 
tube  was  a  0.1 -megohm  degeneration  resistor  which 
decoupled  the  two  cathodes  if  a  repeater  were  used. 
Differences  between  individual  tubes  were,  therefore, 
less  critical. 

For  the  53-kc  ER  sonar  it  was  desirable  to  assemble 
a  reasonably  compact  complete  system  with  all  the 
operational  controls  accessible  to  the  operator.  A 
standard-type  rack  and  panel  assembly  resulted,  36.% 
inches  high,  21  inches  wide,  and  13  inches  deep,  with 
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Figure  85.  Circuit  diagrams  of  PPI  intensity  controls. 


Figure  86.  Front  view  of  53-kc  ER  sonar  indicator. 


the  repeater  scope  bolted  to  the  top  as  shown  in 
Figure  86. 

Three  scanning  ranges  of  600,  1,500,  and  3,000 
yards  could  be  selected  by  the  5-position  range  switch. 
The  two  other  positions  were  power  on-off  and  a 
stand-by  which  open-circuited  the  blanking  pulse 
used  to  key  the  transmitter  on  the  No.  2  or  listening 
position.  At  this  setting,  which  was  used  in  a  warm-up 
period,  or  when  the  ER  sonar  was  being  used  for 
listening  only,  the  transmitter  was  not  keyed.  To  aid 
in  the  operation  of  the  gear  the  receiver  gain  control 
was  moved  from  the  receiver  proper  to  the  indicator 
panel.  The  measurement  of  range  of  an  echo  de¬ 
pended  upon  operator  judgment,  as  range-marking 
was  not  employed.  Use  was  again  made  of  the  en¬ 
graved  filter  for  reading  relative  bearing.  An  interior 
view  of  the  PPI  chassis  is  shown  in  Figure  87. 


Figure  87.  Interior  view  of  53-kc  ER  sonar  indicator. 
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7.5.4  Indicators  for  Submarine  ER  Sonar 

In  the  design  of  an  indicator  for  the  submarine  ER 
sonar,  particular  thought  was  given  to  physical  size 
and  location  of  controls.  As  indicator  development 
had  already  been  undertaken  by  outside  companies, 
as  well  as  by  HUSL,  it  was  profitable  to  borrow  from 
this  experience.  A  Western  Electric  mounting  de¬ 
signed  for  a  PPI-BDI  indicator  was  available  as  a 
sample,  complete  with  blueprints.  Around  this 
sample  was  designed  the  submarine  ER  sonar  indi¬ 
cator  cabinet.  Controls  for  the  system  were  divided 
into  two  classifications:  (1)  those  to  be  manipulated 
by  the  operator  during  normal  operation  of  the 
equipment  were  to  he  on  the  indicator,  while  (2) 
those  requiring  only  occasional  adjustment  were  to 
be  located  on  their  respective  chassis.  By  making  the 
indicator  a  compact  unit,  the  problem  of  mounting 
it  in  the  restricted  spaces  available  on  shipboard  was 
considerably  simplified. 

With  the  exception  of  the  back  plate,  the  outside 
case,  measuring  lfit/j  inches  wide,  11  yli;  inches 
high,  and  1-1  t/j  inches  deep,  was  constructed  of  a  sc¬ 
inch  aluminum  casting.  As  the  front  panel  was  at¬ 
tached  directly  to  various  components  of  the  indi¬ 
cator,  it  was  bolted  to  the  main  casting  of  the  chassis. 
Two  rails,  or  tracks,  inside  the  case  on  each  side  en¬ 
gaged  runners  on  the  chassis  to  bear  its  weight.  A  10- 
prong  Cannon  plug  (DPR  -10-33  and  DPR  10-31  as¬ 
sembly,  Cannon  11 12-1  receptacle.  Cannon  Ml 2-2 
plug)  was  used  as  a  practical  means  of  connect  ing  the 
cable  to  the  chassis  while  also  allowing  removal  of  t lie- 
chassis  without  unscrewing  numerous  terminal  strips. 
The  receptacle  was  secured  to  the  back  of  the  case, 
with  the  bail  of  the  receptacle  connected  mechani¬ 
cally  to  a  handle  on  the  outside  of  the  case.  The  plug 
was  mounted  on  the  chassis,  in  such  a  way  that  as  the 
chassis  was  pushed  into  the  case  it  slid  into  the  40- 
terminal  receptacle  gear  rack  channel.  Raising  the 
handle  on  the  case  closed  the  plug.  On  the  front  top 
left  side  there  was  a  cutout  in  the  case.  When  the 
chassis  was  in  place,  the  focus  control,  intensity  con¬ 
trol,  and  battle-phone  plug  were  directly  behind  this 
window  and  accessible  to  the  operator.  Six  retaining 
screws  on  the  front  panel  held  the  chassis  in  position. 

Both  true  and  relative  bearing  information  was 
presented.  On  the  inner  plastic  transparent  window 
over  the  face  of  the  cathode-rav  tube  was  scribed  a 
pair  of  lines  constituting  the  cursor.  (See  Figure  88.) 
This  window  was  mechanically  attached  to  the  rotat- 


Ek.cri:  88.  Front  view  of  submarine  ER  sonar  indicator. 

ing  middle  ring  (2)  which  had  engraved  on  it  a  dia¬ 
mond-shaped  pointer,  or  bug.  Rotation  of  the  bear¬ 
ing  hand  wheel  (8)  set  in  action  a  servo  system,  driv¬ 
ing  a  motor  that  was  gear-  and  shaft-connected  to  the 
middle  or  relative  bearing  ring.  Therefore,  if  the 
bearing  hand  wheel  was  turned  until  the  two  lines 
straddled  the  echo  being  observed  on  the  face  of  the 
cathode-ray  tube,  the  bug  indicated  bearing  relative 
to  the  ship  on  the  outside  ring  (3),  which  was  fixed  in 
position,  and  the  true  or  compass  bearing  upon  the 
inner  ring  (1). 

Main  I  ('ii  finer  of  true  bearing  [MTB]  was  also  a  fea¬ 
ture  of  the  bearing  system.  To  accomplish  this  the 
leads  coming  into  the  indicator  box  from  the  gyro 
were  wired  to  a  1  CT  synchro  (5)  whose  shaft  was 
geared  to  the  gyro  ring  as  shown  in  Figure  89  and 
Figure  90.  The  gyro  voltage  was  also  applied  to  the 
1  DO  synchro  (f>)  geared  to  the  bearing  hand  wheel, 
and  through  the  1  DG  synchro  to  another  1  CT  syn¬ 
chro  (10)  whose  shaft  was  geared  to  the  cursor  ring. 
1-or  differences  between  zero  position  as  indicated  by 
the  gyro  circuit  and  zero  position  on  the  1  CT  syn¬ 
chro  rotor  attached  to  the  gyro  ring,  the  synchro,  rotor 
developed  60-cvde  voltages  proportional  in  magni¬ 
tude  and  in  sign  to  the  angular  difference  existing 
between  these  two  positions.  This  voltage  was  used 
via  a  servo  amplifier  to  drive  the  2-phase  motor  which 
positioned  the  gyro  ring. 

The  output  of  the  DG  sy  nchro  was  a  set  of  voltages 
corresponding  to  the  sum  of  the  mechanical  position 
angle  of  the  shaft  and  the  voltages  corresponding  to 
the  gyro  order.  The  voltage  output  of  the  1  CT  syn¬ 
chro  attached  to  the  bug  ring  was  proportional  in 
magnitude  and  phase  to  the  difference  between  the 
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Figure  89.  Interior  view,  right  side,  of  submarine  ER 
sonar  indicator. 

bug  ring  position  and  the  sum  of  the  gyro  order  and 
the  angle  through  which  the  bearing  wheel  had  been 
rotated.  Output  of  this  1  CT  was  amplified  by  an¬ 
other  servo  amplifier  in  the  receiver  chassis  and  used 
to  drive  the  2-phase  motor  geared  to  the  cursor  ring 
(see  Figure  91  for  the  circuit  diagram).  By  reversing 
the  phase  of  the  signal  to  the  motor  the  direction  of 
rotation  reversed,  so  that  the  mechanical  and  elec¬ 
trical  differences  were  reduced  to  zero  for  changes  in 
either  direction. 

To  illuminate  the  bearing  dials  a  miniature  bulb 
(19/32  inches  long,  7/32  inches  in  diameter,  GE  2- 
amp  special  midget  screw  base)  was  placed  behind 
the  diamond  bug  on  the  inner  rotating  ring.  Elec¬ 
trical  contact  was  made  by  two  slip  rings  on  the  out¬ 
side  of  the  ring,  so  that  the  light  could  follow  the  rota¬ 
tion.  Illumination  of  both  the  bearing  light  and  the 
range  dial  light  could  be  varied  by  the  dial  illumina¬ 
tion  intensity  control  R505  (circuit  diagram,  Figure 
91).  Geared  to  the  cursor  ring  was  a  phase-shifting 
transformer  in  the  range-caliper  circuit  (see  Section 
7.8  on  sweep  generators)  that  insured  that  the  blank 
sector  of  the  range  circle  was  centered  on  the  bearing 
indicated  by  the  bug. 

Three  indicators  were  constructed  for  the  sub¬ 
marine  ER  sonar.  These  were  alike  except  in  the 
arrangement  of  various  parts  which  comprised  the 
high-voltage  supply  for  the  cathode-ray  tube.  The 
high-voltage  transformer  and  rectifier  tube  were  not 


Figure  90.  Interior  view,  left  side,  of  submarine  ER 
sonar  indicator. 

sufficiently  protected  in  the  first  indicator  and  were 
relocated  and  shielded  in  Serial  Nos.  2  and  3  to  pro¬ 
vide  greater  safety  for  the  operator.  At  the  same  time 
the  rectifier  tube  was  changed  from  a  2X2  to  a  3B24 
for  greater  reliability.  The  same  circuit  diagram  was 
used  for  all  three. 

76  ER  RECEIVER 

7,61  Design  Considerations  for 
ER  Receivers 

Bandwidth 

The  choice  of  the  bandwidth  to  be  passed  by  an 
ER  sonar  receiver  depends  primarily  upon  the  re¬ 
quired  functional  performance  of  the  system.  It  is 
necessary  to  know  whether  or  not  own-doppler  nul¬ 
lification  [ODN]  is  to  be  applied,  and  whether  it  is 
desired  to  echo-range  on  surface  ships  as  well  as  on 
small  objects.  The  rotation  speed  and  the  width  of 
the  beam  pattern  also  must  be  known. 

To  take  a  particular  case,  that  of  the  submarine 
ER  sonar,  the  object  may  be  to  observe  noise  radials 
from  target  sources  or  to  echo-range  on  surface  craft 
traveling  up  to  30  knots.  It  may  be  assumed  that 
ODN  is  not  applied  to  the  receiver  and  that  own- 
ship’s  speed  is  10  knots.  Furthermore,  a  rotation  speed 
of  330  c  may  be  assumed  and  beam  widths  30  degrees 
at  points  6  db  down. 
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First  attention  may  he  directed  to  that  portion  of  maximum  of  10  knots.  Since,  at  30  kc  the  doppler 
the  bandwidth  which  must  be  provided  to  take  care  shift  is  21  cycles  per  knot,  it  requires  ±  810  cycles  or  a 
of  doppler  introduced  by  own-ship  and  target  mo-  total  bandwidth  of  1 ,080  cycles, 
lion.  This  motion  has  been  assumed  to  take  place  at  a  Next,  consideration  may  be  given  to  the  increase 


Figure  91.  Circuit  diagram  of  submarine  ER  sonar  indicator,  Model  1,  Serial  1. 


CONFIDENTIAL 


ER  RECEIVER 


355 


in  bandwidth  which  must  be  provided  to  accom¬ 
modate  the  short  pulses  that  come  through  the  rotor 
and  appear  as  echoes  to  the  receiver.  Since  the  rota¬ 
tion  speed  is  330  c,  a  transmitted  pulse  of  3  millisec¬ 
onds  in  length  is  necessary  to  avoid  dead  areas.  (See 
Section  7.8  on  sweep  generators  in  the  present  chap¬ 
ter.)  With  a  beamwidth  of  30  degrees,  a  returning 
echo  from  a  target  is  intercepted  for  a  period  equal  to 
30/360  of  the  time  for  one  rotation,  or  0.25  milli¬ 
seconds.  In  this  case,  therefore,  a  bandwidth  of  4,000 
cycles  would  be  necessary. 

The  combined  bandwidth  necessary  to  accommo¬ 
date  the  doppler  shift  as  well  as  the  echo  without 
undue  distortion  is  approximately  5.6  kc.  In  addition 
to  this,  ±  200  cycles  should  be  allowed  to  compen¬ 
sate  for  slight  mistunings  of  the  transmitter.  This 
means  that  a  total  bandwidth  of  6  kc  is  necessary.  It 
is  well  to  note  here  that  noise  radials  are  not  affected 
by  doppler  considerations,  since  these  radials  are 
caused  by  more  or  less  white  noise  sources  and  dop¬ 
pler  shifts  are  unimportant. 

From  the  above  discussion  it  is  seen  that  if  it  were 
possible  to  obtain  10-degree  beams,  it  would  become 
necessary  to  have  a  bandwidth  of  approximately  12 
kc  in  order  to  accommodate  the  short  echo  pulse.  Al¬ 
though  the  narrower  beam  would  provide  additional 
discrimination  against  water  noise,  the  broader  band 
would  increase  the  receiver  noise.  Moreover,  it  should 
be  noted  that  doppler  considerations  contribute  a 
relatively  minor  portion  of  the  total  bandwidth  re¬ 
quired  in  systems  having  a  high  rotation  speed  sharp 
beam. 

One  of  the  advantages  of  keeping  the  bandwidth 
narrow  is  to  reduce  some  of  the  minor  lobes  of  the 
pattern  produced  by  the  lead  line.  This  reduction 
occurs  because  the  high  rotation  speed  of  the  switch¬ 
ing  action  introduces  a  rotational  doppler  which 
shifts  the  frequency  of  the  signal  in  the  minor  lobes 
away  from  that  in  the  major  lobe.  There  may,  how¬ 
ever,  be  an  increase  in  the  width  of  the  major  lobe  if 
the  band-pass  is  made  too  narrow. 

In  case  preamplifiers  for  each  transducer  element 
are  utilized  ahead  of  the  switching  elements,  the 
band-pass  of  these  preamplifiers  need  only  be  wide 
enough  to  pass  the  doppler  shift  due  to  own-ship  and 
target  motion,  and  to  include  the  width  necessary  for 
the  full  transmitted  pulse.  In  the  present  ER  system 
this  pulse  is  3  milliseconds.  There  is  a  great  deal  to  be 
gained  from  the  standpoint  of  signal-to-noise  ratio  by 
introduction  of  preamplifiers. 


Receiver  Gain 

The  overall  gain  of  the  system  must  be  sufficiently 
large  that  the  limiting  noise,  whether  water  noise  at 
sea  state  zero  or  thermal  noise  in  the  transducer, 
brightens  the  indicator.  The  amount  of  gain  neces¬ 
sary  depends  upon  the  bandwidth  of  the  receiver, 
and  upon  whether  or  not  narrow  bandwidth  pream¬ 
plifiers  can  be  included  for  each  element  in  the  trans¬ 
ducer.  In  the  case  of  a  crystal  transducer,  which  is  a 
relatively  high  impedance  source,  experience  would 
indicate  that  the  limiting  noise  is  thermal  noise  aris¬ 
ing  in  the  transducer.38  In  the  case  of  ER  sonars  so 
far  constructed,  150  db  of  voltage  amplification  was 
included.  The  input  impedance  of  these  receivers  was 
approximately  100  ohms.  The  receiver  output  stage 
was  a  cathode  follower  with  considerably  more  power 
capabilities  than  were  needed  to  drive  the  grid  of  the 
cathode-ray  tube.  It  was  required  to  deliver  100  volts 
(peak)  to  the  grid  of  the  indicator  tube. 

Output  Filters 

In  order  to  apply  a  unidirectional  pulse  to  the 
brightening  grid  of  the  cathode-ray  tube,  it  is  neces¬ 
sary  to  rectify  and  filter  the  output  of  the  amplifier. 
The  characteristics  of  this  filter  must  be  such  that  no 
appreciable  distortion  of  the  pulse  corresponding  to 
the  echo  is  introduced.  For  a  0.25-millisecond  pulse, 
the  bandwidth  should  be  4  kc.  However,  there  is  con¬ 
siderable  doubt  as  to  the  necessity  of  passing  very  low 
frequencies.  There  might  be  some  advantage  in  elimi¬ 
nation  of  d-c  components  due  to  power  supply  varia¬ 
tions  by  the  use  of  transformer  coupling  to  the  grid 
of  the  PPI  scope.  By  locating  this  transformer  close 
to  the  CRO  grid,  it  would  be  possible  to  reduce  the 
gain  of  the  rest  of  the  receiver  through  approximate 
matching  of  the  output  stage  to  its  load. 

The  output  filter  may  be  of  any  type  that  satisfies 
the  requirements  regarding  cutoff  frequency  to  ac¬ 
commodate  the  pulse  length.  For  the  case  cited  above, 
in  order  to  obtain  a  distortionless  output  pulse,  the 
phase  shift  must  be  nearly  linear  with  frequency  to  4 
kc.  Moreover,  since  the  transient  response  of  the  filter 
is  the  important  factor,  its  impedance  should  be 
nearly  independent  of  frequency.  The  carrier  com¬ 
ponent  should  be  down  at  least  30  db. 

Automatic  Gain  Control 

The  type  of  automatic  gain  control  (time-varied 
gain  [TVG],  automatic  volume  control  [AVC],  or 
reverberation-controlled  gain  [RCG]),  to  be  used 
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in  the  receiver  requires  very  careful  consideration.  Its 
purpose  is  to  control  the  gain  of  the  receiver  with 
time  in  such  a  way  that  reverberation  neither  over¬ 
loads  the  receiver  circuits  nor  obscures  the  display  on 
the  PPI  by  excessive  brightening,  while  the  receiving 
sensitivity  is  maintained  at  the  highest  usable  level. 
The  initial  charge  and  the  rate  of  decay  of  the  TVG 
circuit  depends  upon  several  factors.  The  shortest 
range  at  which  it  is  desired  to  receive  echoes  must  be 
known  in  most  cases.  The  minimum  possible  range  is 
determined  primarily  by  the  transfer  network,  and 
secondarily  by  the  blanking  pulse  to  the  oscilloscope. 
Since  the  transfer  networks  normally  require  about 
10  milliseconds  to  operate  and  must  be  maintained 
in  an  operated  condition  until  after  the  transmitted 
pulse,  the  normal  ER  blanking  pulse  is  about  30 
milliseconds,  10  of  which  precede  the  transmitted 
pulse  and  need  not  be  considered.  The  operator  is 
then  “blind”  for  an  interval  of  20  milliseconds,  which 
corresponds  to  a  range  of  approximately  10  yards 
from  the  transducer.  Assuming  that  the  purpose  is  to 
sec  an  object  20  yards  distant,  then  the  receiver  has  to 
be  able  to  receive  strong  echoes  25  milliseconds  after 
the  transmitted  ping.  Hence,  the  TVG  bias  must  not 
be  so  great  that  the  receiver  is  completely  blocked 
after  25  milliseconds.  A  bias  sufficient  to  cause  a  re¬ 
duction  in  gain  of  40  db  at  this  time  should  be  suffi¬ 
cient.  If  provision  is  made  to  restore  the  gain  gradu¬ 
ally  to  its  full  value  as  the  indicated  range  increases 
from  100  to  600  yards,  most  conditions  should  be 
accommodated. 

RGG  has  not  yet  been  used  on  ER  systems.  If  it 
should  be  desired  to  employ  it,  similar  considerations 
would  apply  as  for  TVG,  with  the  additional  factor 
that  the  time  constant  of  the  grid  bias  circuit  of  the 
discharge  tube  must  be  extremely  rapid  compared  to 
the  rotation  rate  of  the  ER  beam.  This  is  so  that  a 
noise  source  is  not  allowed  to  maintain  the  bias  on 
the  discharge  tube  throughout  the  rotation  period  of 
the  beam.  As  an  alternative,  RGG  could  be  cut  out 
for  noise  listening. 

Delayed  Lobe  Comparison 

The  delayed  lobe  comparison  scheme™  is  a  device 
for  sharpening  the  echoes  received  in  ER  sonar.  Fig¬ 
ure  92  shows  the  delayed  lobe  comparison  circuit,  as 
well  as  a  diagram  from  which  its  action  may  be  more 
readily  understood.  The  output  of  the  receiving  am¬ 
plifier  delivers  a  signal  to  a  delay  network,  or  lag  line. 
Here  there  is  a  time  delay  between  the  pickup  points 


OS  LAY  NETWORK 


PATH  OF  EXPANDING 
ECHO  SPIRAL 


Angle  of  Rotation 
during  Delay  Time 


Fk;i;ri;  92.  Circuit  diagram  of  delayed  lobe  comparison 
system. 


A  and  B  equal  to  the  length  of  time  taken  by  the  tip 
of  the  major  lobe  in  traversing  the  angle  subtended 
by  one  transducer  element.  In  the  case  of  the  36-ele¬ 
ment  transducer  this  time  was  1  /36th  of  a  rotation,  or 
10  degrees  out  of  the  360  degrees  in  a  rotation  cycle. 
■Signal  amplitude  at  point  A  is  compared  with  signal 
amplitude  at  point  B.  In  the  circuit  shown,  the  differ¬ 
ence  is  taken  and  differentiated  to  cause  sharper 
brightening  representation  than  would  be  possible  in 
using  the  pulse  amplitude  alone.  The  output  of  the 
receiving  amplifier  has  a  shape  or  pattern  as  shown  in 
the  small  circle  at  the  beginning  of  the  delay  network. 
The  pattern  travels  down  the  delay  network  and  is 
rectified  so  that  the  envelope  of  the  pattern  is  pre¬ 
sented  by  rectifier  A  in  a  positive  sense  to  the  differ¬ 
ence  circuits.  The  output  of  the  pattern,  delayed  as  it 
appears  at  rectifier  B,  is  presented  to  the  difference 
circuits  in  a  negative  sense.  The  combination  of  the 
envelopes  of  the  pattern  as  rectified  and  subtracted, 
rectifier  B  from  rectifier  A,  is  shown  in  the  small  circle 
near  the  center  of  the  difference  circuits.  After  pas¬ 
sage  through  the  RC  differentiator,  a  signal  is  pro- 
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duced  having  a  shape  as  shown  in  the  small  circle,  at 
the  output  of  the  differentiator  circuit.  This  output 
pulse  is  applied  to  the  brightening  grid  on  the  PPI 
CRO,  and  has  a  negative  lobe  where  the  difference 
signal  has  a  negative  slope,  a  positive  lobe  where  the 
difference  signal  has  a  positive  slope,  and  another 
negative  lobe  at  the  end  of  the  difference  signal.  The 
new  brightening  pulse  is  a  narrower  pulse  than  the 
original  one,  with  the  peak  lying  midway  in  time  be¬ 
tween  the  time  when  the  signal  arrived  at  point  A  and 
the  time  when  the  signal  arrives  at  point  B  in  the  de¬ 
lay  network.  The  representation  on  the  PPI  scope  is, 
thus,  a  very  short  arc  lying  at  the  correct  range  and 
bearing. 

Tuning  Range;  Choice  of  Intermediate  Frequency 

In  some  cases  ER  receivers  have  been  designed 
around  fixed  frequency  systems,  and  fixed-tuned  r-f 
receivers  have  been  used.  However,  in  some  instances 
it  is  desirable  to  have  the  sonar  receiver  tunable  over 
a  range  of  at  least  a  few  kilocycles  in  order  to  avoid 
interference  between  equipments  installed  in  ships 


that  may  be  operated  in  fairly  close  proximity.  In  the 
case  of  the  Model  XQHA  scanning  sonar  receivers, 
this  tuning  range  has  normally  been  of  the  order  of 
10  kc  (see  Chapter  5).  In  view  of  interference  measure¬ 
ments  made  with  two  ships  carrying  QH  scanning 
equipment,  it  seems  reasonable  to  assume  that  5-kc 
tuning  range  would  be  sufficient  for  a  QH  receiver.40 

Since  the  bandwidth  of  an  ER  receiver  must  be 
considerably  greater  than  that  of  a  QH  receiver  (ap¬ 
proximately  6  kc  compared  to  2  kc),  an  intermediate 
frequency  high  enough  (50  to  100  kc)  to  obtain  this 
bandwidth  is  advisable.  In  order  to  eliminate  inter¬ 
ference  from  other  ER  equipments,  a  tuning  range  of 
15  kc  may  be  necessary.  Experience  has  shown  con¬ 
siderable  interference  from  another  vessel  putting 
signals  into  the  water  at  23  kc,  when  the  ER  gear  on 
the  searching  ship  was  tuned  to  33  kc.  If  dual-channel 
receivers  are  utilized  in  ER  systems  as  they  now  are  in 
QH  systems,  some  difficulties  can  be  avoided  if  the 
intermediate  frequency  is  not  an  exact  multiple  of 
any  signal  frequency. 

In  certain  applications  where  it  is  important  that 
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I'k.i  ri:  !W.  Circuit  of  delayed  lobe  comparator  and  brightening  chassis  for  (jO-cyclc  KR  sonar. 


phase  shift  be  constant  through  two  channels,  an  in¬ 
termediate  frequency  should  he  adopted  that  is  as 
low  as  is  consistent  with  the  required  band  pass.  Care 
should  be  taken  to  keep  the  local  oscillator  frequency 
as  far  removed  from  the  intermediate  frequency  as 
possible. 

Dynamic  Range  of  an  ER  Receiver 

The  dynamic  range  of  an  ER  receiver,  or  any  scan¬ 
ning  receiver,  should  be  at  least  BO  db.  An  outstand¬ 
ing  factor  in  the  overload  characteristics  should  be 
that,  for  very  large  signals,  limiting  occurs  without 
blocking.  The  only  precaution  necessary  to  insure 
that  blocking  does  not  occur  is  to  keep  the  RC  time 
constants  in  the  grid  circuit  shorter  than  the  period 
of  one  cycle  of  the  incoming  wave.  It  should  be  noted 
here  that  blocking  occurs  on  steady-state  signals  when 


it  wotdd  not  do  so  under  transient  conditions.  For 
this  reason,  ER  receivers  should  be  tested  both  under 
steady-state  conditions  and  under  transient  condi¬ 
tions.  Although  the  signals  being  discussed  here  are 
transient  in  character,  reverberation  may  appear  to 
the  receiver  much  more  like  a  steady-state  signal. 

7-6-2  Receivers  for  60-cycle  ER  Sonar 

The  60-cycle  ER  sonar  on  board  the  Aide  de  Camp 
used  a  delayed  lobe  comparison  receiver.  This  re¬ 
ceiver  (Figure  93)  was  interchangeable  by  means  of 
switches  with  a  simultaneous  lobe  comparison 
[SEC]  receiver  and  also  an  amplitude  receiver  with  a 
pulse-sharpening  output.  These  other  receivers  were 
built  for  the  use  of  the  CR  system  and  are  described 
in  Chapter  5.  A  circuit  diagram  of  the  delayed  lobe 
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Figure  95.  Circuit  diagram  of  receiver  for  200-cycle  ER 
sonar. 


comparator  and  brightening  chassis  is  shown  in  Fig¬ 
ure  94. 

7.6.3  Receiver  for  200-cycle  ER  Sonar 

The  200-cycle  22-kc  ER  sonar  as  installed  on  the 
Aide  de  Camp  used  a  revised  CR  amplitude  receiver 
from  the  Aide  de  Camp.  Figure  95  gives  the  circuit 
diagram  in  the  revised  form.  The  receiver  had  a  total 


bandwidth  of  approximately  3.5  kc,  centered  at  22 
kc,  and  the  voltage  amplification  was  approximately 
95  db,  with  the  preamplifier  located  in  the  rotor  pro¬ 
ducing  another  35  db. 

7.6.4  Receiver  for  53-kcER  Sonar 

The  500-cycle  53-kc  rotation  ER  sonar  used  a 
superheterodyne  receiver.  Figure  96  is  a  schematic  of 
this  circuit. 

7.6.5  Receiver  Used  with  Laboratory 

Varistor  Rotor 

For  tests  on  the  varistor  rotor  as  used  in  the  labora¬ 
tory,  a  Type  755-J  Submarine  Signal  Company  re¬ 
ceiver  was  used.  This  receiver  had  a  100-ohm  bal¬ 
anced  input  which  was  directly  connected  to  the  out¬ 
put  transformer  on  the  varistor  rotor.  In  general  the 
receiver  was  of  the  superheterodyne  type  with  tuned 
r-f  stages  and  a  tunable  local  oscillator.  The  total 
tuning  range  available  was  from  18  to  37  kc. 

As  used  in  the  tests  the  receiver  was  tuned  to  24  kc, 
the  frequency  of  operation  of  the  artificial  transducer 
connected  to  the  rotor.  The  second  oscillator  (c-w 
switch)  was  turned  off  and  the  i-f  filters  were  set  at  the 
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broad  position,  while  the  audio  filters  were  set  at  the 
flat  position.  Under  these  conditions  the  bandwidth 
of  the  receiver  was  about  3  kc  at  points  3  db  down.  It 
was  found  that  this  receiver  had  adequate  gain  and 
suitable  filter  characteristics  for  use  with  the  ER 
system  when  connected  in  the  manner  indicated 
above.  It  was  interesting  to  note  that  as  the  receiver 
bandwidth  was  narrowed,  the  output  pattern  became 
wider  until  finally,  on  the  narrowest  possible  band¬ 
width  positions,  no  pulse  came  through  at  all. 

7  6  6  Receivers  for  Submarine  ER  Sonar 

The  receivers  used  in  the  submarine  system  were  of 
fixed-timed  signal  frequency  typed1  To  date  there 


have  been  three  suc  h  receivers  constructed  to  operate 
at  a  frequency  of  32  kc  and  differing  only  slightly  in 
construction.  Figure  97  is  a  circuit  diagram  of  Serial 
No.  3. 

The  receiver  could  be  tuned  over  ±  1  kc  by  means 
of  the  trimmer  capacitors  on  the  filters.  T.  he  center 
frequency  was  adjusted  to  32  kc  and  could  be  shifted 
over  a  considerable  range  by  removing  or  adding 
fixed  filter  capacitors.  Tentative  specifications  for 
these  receivers  were  set  forth  in  a  memorandum.42 
These  specifications  were  as  follows:  “1  he  receivers 
will  be  tuned  to  a  fixed  frequency  of  about  31  kc  with 
a  band-pass  7.5  kc  wide,  2  db  down;  9  kc  wide,  3  db 
down;  15  kc  wide,  down  as  far  as  possible.  The  volt¬ 
age  amplification  is  to  be  150  db  with  an  input  im- 
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Figure  98.  Band-pass  transformer  characteristics  for  sub-  Figure  99.  Output  filter  characteristics  for  submarine 

marine  ER  sonar  receiver.  ER  sonar  receiver. 


pedance  of  approximately  200  ohms  and  a  maximum 
output  pulse  of  140  volts.  The  receiver  must  be 
capable  of  utilizing  a  maximum  input  voltage  of  0.02 
volt.  Remote  gain  control  should  have  a  control  of  at 
least  70  db  smoothly  distributed  over  the  rotation  of 
the  potentiometer.  The  receiver  should  have  a  true 
TVG  action  with  gain  at  intervals  after  transmitting 
approximately  as  follows: 

0.1  second— 20  db  below  full  gain 

0.5  second— 6  db  below  full  gain 

1.0  second— full  gain 

This  TVG  performance  should  be  independent  of 
the  setting  of  the  gain  control  to  less  than  4  db.  Input 
pulses  at  the  tuned  frequency  as  short  as  0.2  millisec¬ 
ond  should  be  reproduced  in  the  output  pulse  with¬ 
out  appreciable  transient  distortion.” 

Receiver  Model  1,  Serial  No.  3  differed  from  the 
other  receivers  in  that  the  band-pass  filters  were  her¬ 
metically  sealed.  A  typical  response  curve  for  one  of 
these  units  is  shown  in  Figure  98.  It  is  noted  that 
coupling  was  such  as  to  give  a  flat  top  on  the  band¬ 
pass  characteristic,  even  though  a  dip  in  the  center 
of  not  more  than  0.5  db  would  have  been  tolerable. 
The  existing  circuit  incorporated  the  use  of  variable 
ceramic  capacitors  across  the  primary  and  secondary 
of  the  filter  units,  which  made  it  possible  to  change 
the  center  frequency  over  a  small  range.  If  a  greater 
change  was  necessary,  larger  or  smaller  fixed  capaci¬ 
tors  had  to  be  used.  The  inductance  for  these  filters 
was  a  100-mh  universal  wound  coil  of  No.  38  wire  on 
a  ss^-inch  by  l/g-inch  powdered  iron  slug.  A  rectifier 


and  low-pass  filter  (Z103  in  Figure  97)  to  give  a  d-c 
pulse  out  of  the  r-f  envelope  was  incorporated  in  the 
receiver.  This  filter  did  not  present  a  constant  imped¬ 
ance  with  a  changing  frequency,  but  had  a  cutoff  fre¬ 
quency  of  5  lcc  with  an  impedance  of  about  10,000 
ohms.  For  characteristics  of  the  filter  see  Figure  99.43 
By  actual  test  the  output  filter  was  able  to  pass  a  pulse 
of  0.1-millisecond  duration  without  causing  tran¬ 
sients  greater  than  26  db  below  the  level  of  the  peak 
of  the  pulse. 

The  TVG  circuit  in  the  receiver  used  one  half  a 
6SN7  triode  (VI 05B,  Figure  97)  as  a  rectifier  of  part  of 
the  transmitted  pulse  and  to  charge  capacitor  C120A 
to  a  negative  potential.  This  negative  potential  was 
applied  to  the  control  grids  of  the  second  and  third 
stages  in  the  receiver  and  was  allowed  to  decay 
through  a  2.2-megohm  resistor.  It  was  found  advis¬ 
able  in  the  field  to  connect  a  multipoint  switch  and  a 
set  of  resistors  in  place  of  R134  so  that  there  was  a 
choice  of  the  maximum  TVG  potential  to  be  applied 
to  these  grids.  Under  some  conditions,  it  was  found 
that  the  reverberation  was  so  small  that  it  was  desir¬ 
able  to  have  as  little  TVG  as  possible.  The  manual 
gain  control  was  in  the  form  of  a  variable  cathode 
bias  supplied  to  the  cathodes  of  these  same  two  stages. 

The  dynamic  range  of  this  receiver  was  measured 
by  means  of  a  standard  signal  generator,  using  a  sig¬ 
nal  at  32  kc  modulated  100  per  cent  by  1,000  cycles  in 
one  case  and  by  400  cycles  in  a  second  case.  Figure  100 
shows  the  dynamic  ranges  of  the  receiver  for  these  two 
cases.  The  0-db  reference  level  was  defined  to  be  a 
5-mv  input  from  the  signal  generator  with  1-volt 
output. 
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T  i2  18  24  3  0  36  4  2 

INPUT  db 


Fim  rk  100.  Output  versus  input  characteristics  of  sub¬ 
marine  ER  sonar  receiver  Model  1,  Serial  3. 

7.7  TRANSMITTERS  FOR  ER  SONAR 

Owing  to  the  fact  that  the  scanning  speed  of  elec¬ 
tronic  rotors  is  not  limited  by  considerations  of 
mechanical  design  and  strength  of  material,  as  is  the 
case  with  capacitive  commutators,  high-rotation- 
speed  short-pulse  scanning  equipment  becomes  prac¬ 
tical.  Among  the  several  advantages  resulting  from 
the  use  of  short  pulses  are  the  decreased  probability 
of  cavitation,44  which  might  be  the  limiting  factor  in 
the  amount  of  power  transmitted  into  the  water  when 
using  long  pulses;  and  the  improved  duty  cycle  per¬ 
mitting  smaller  lighter  transmitters,  giving  high- 
power  output  with  low-power  consumption.  Except 
for  the  short-pulse  high-power  problem,  the  general 
requirements  to  be  fulfilled  by  transmitters  for  ER 
sonar  systems  arc  not  basically  different  from  those 
for  CR  sonar  systems. 

7-71  Transmitter  for  60-cycle  ER  Sonar 

The  60-cyclc  ER  sonar,  first  installed  on  the  Aide 
de  Camp,  used  the  1.5-kw  c-w  type  of  transmitter  ori¬ 
ginally  built  for  MR  sonar  and  described  in  Chapter 
4.  Later  a  duty-cycle  transmitter  (see  Chapter  5)  was 
employed. 

i.i. t  Transmitter  for  200-cycle  ER  Sonar 

The  first  transmitter  specifically  designed  for  ER 
sonar  application  was  a  five-millisecond  pulse-type 
unit  built  for  the  200-cvcIe  rotation  ER  system  aboard 


the  Aide  i>e  Camp.  Time  considerations  dictated 
that  it  should  be  built  up  in  temporary  form  and, 
though  it  constituted  a  source  of  potential  danger,  it 
was  used  in  this  form  for  a  period  of  six  months  or 
longer. 


Eiiuiri-.  101.  Circuit  diagram  of  keying  chassis  for  first 
200-cvdc  ER  sonar  transmitter. 
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Figure  102.  Front  view  of  200-cycle  ER  sonar  transmitter 
cabinet. 


F'igure  103.  Rear  interior  view  of  200-cycle  ER  sonar 
transmitter. 


The  liigh-voltage  power  supply  consisted  of  three 
2-fxt  7,500-volt  capacitors,  with  a  choke  of  0.4  henry 
connected  as  a  “bump-back”  filter  (see  Chapter  5).  A 
4,200-volt  a-c  plate  supply  transformer  operated 
through  a  Variac  from  the  ship’s  supply  with  the  nec¬ 
essary  rectifier  and  rectifier  filament  transformer.  A 
protective  time-delay  relay  was  placed  in  the  primary 
of  the  transformer.  Screen,  bias,  and  low  plate  volt¬ 
ages  were  developed  by  a  separate  power  supply  giv¬ 
ing  both  positive  and  negative  voltages. 

A  separate  keying  chassis  contained  a  trigger  tube 
circuit,  with  pulse  length  controllable  from  1  to  15 
milliseconds  and  from  13  to  40  milliseconds  operat¬ 
ing  info  the  grid  of  a  normally  over-biased  triode. 
Radio-frequency  signal  was  also  fed  to  the  same  grid 
from  an  external  oscillator.  The  output  of  the  triode 
was  developed  across  a  450-mh  toroid  coil  connected 
as  a  transformer.  Since  it  was  the  intention  to  use  the 
keying  chassis  as  a  piece  of  laboratory  equipment,  a 
second  amplifier,  consisting  of  a  6V6  also  operating 
into  a  450-rnh  toroid  transformer,  was  incorporated. 
A  2-volt  signal  from  an  oscillator  fed  into  the  device 
would  produce  a  pulse  output  of  over  100  volts  in 


the  20-  to  60-kc  range.  This  chassis  had  its  own  power 
supply  (see  Figure  101). 

The  power  amplifier  consisted  of  a  6V6  low-power 
driver  operating  into  a  3922  Audio  Development  unit 
connected  as  a  step-up  transformer  to  drive  the  grid 
of  an  over-biased  715B,  which  in  turn  drove,  through 
a  step-down  transformer,  two  715B’s  in  parallel.  This 
output  stage  fed  the  transducer  and  its  tuning  net¬ 
work  through  a  step-down  transformer  matching  a 
50-ohm  output  impedance.  The  interstage  and  out¬ 
put  transformers  were  identical;  their  construction  is 
described  in  Chapter  5.  The  power  output  of  the 
transmitter  unit  into  a  noninductive  load  with  ap¬ 
proximately  5,500  volts  on  the  plates  of  the  power 
tubes  was  15  kw  for  a  5-millisecond  pulse  at  22  kc. 

This  breadboard  transmitter45  was  replaced  by  a 
permanent  unit  incorporating  certain  refinements, 
the  desirability  of  which  was  indicated  by  experience 
gained  during  its  use  on  the  Aide  de  Camp.  A  local 
oscillator  was  built  in  with  reactance  tube  control  of 
its  frequency.  The  reactance  tube  and  oscillator  were 
operated  from  a  voltage-regulated  supply,  affording 
sufficient  stability  to  allow  the  transmitter  frequency 
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Fi<;i  rf  104.  Circuit  diagram  of  keying,  oscillator  power  supply  chassis  for  200-cyclc  ER  sonar  transmitter. 
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Figure  105.  Circuit  diagram  of  power  amplifier  for  200-cycle  ER  sonar  transmitter. 


to  be  determined  by  a  potentiometer  in  the  reactance 
tube  circuit.  A  relay  was  arranged  so  that  the  trans¬ 
mitter  could  be  remotely  switched  to  either  frequency 
sweep  or  c-w  output.  The  frequency  sweep  was  2  kc, 
centered  on  21.7  kc.  Separate  positive  and  negative 
low-voltage  power  supplies  were  used  to  avoid  the 
complications  of  a  bleeder  circuit. 

Figures  102  and  103  show  the  mechanical  construc¬ 
tion  used.  This  transmitter  produced  11.5  kw  at  21.7 
kc  into  a  noninductive  load  when  supplied  with  105 
volts  a-c,  60  cycles.  With  1 15  volts  a-c  line  voltage,  the 
power  output  was  16.2  kw  average,  with  an  average 
power  consumption  of  4.5  amperes  from  the  a-c  sup¬ 
ply  when  transmitting  one  5-millisecond  ping  per 
second. 

Figures  104,  105,  and  106  show  the  circuits  used  in 
this  transmitter.  The  circuits  for  keying,  oscillator, 
and  power  supply  were  contained  in  a  separate  chas¬ 
sis,  the  circuit  diagram  of  which  is  given  in  Figure 
104. 


Ficure  106.  Circuit  diagram  of  high-voltage  power  sup¬ 
ply  for  200-cycle  sonar  transmitter. 
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I'Kii  KK  107.  1’iilsc  forms  appearing  in  keying  circuits  of 

200-cycle  ER  sonar  transmitter. 

Terminal  15  on  this  chassis  was  supplied  with  a 
positive  pulse,  formed  by  a  pair  of  contacts  on  the 
transfer  relay  situated  in  the  transducer  matching 
and  tuning  circuits.  This  square  pulse  was  differen¬ 
tiated  by  the  capacitor  C330  and  the  resistor  R330 
and  applied  to  the  first  grid  of  the  trigger-tube  circuit 
V330.  The  output  of  this  trigger-tube  circuit  was  a 
square  pulse  of  the  required  time  length.  (For  pulse 
shapes,  see  Figures  107  (A),  (B),  and  (C).)  T  his  square 
pulse  from  the  trigger-tube  circuit  was  then  applied 
to  the  grid  of  V331  in  such  a  way  as  to  render  this 
triode  conductive.  The  grid  of  V331  is  normally 
biased  to  the  cutoff  point  by  means  of  a  bleeder  from 
the  negative  power  supply.  The  length  of  the  square 
pulse,  which  was  used  to  control  the  length  of  the 
ping,  could  be  adjusted  by  means  of  the  poten¬ 
tiometer  R334  in  the  grid  circuit  of  the  second  half 
of  the  trigger  tube.  The  signal  frequency  voltage  was 
developed  by  a  Hartley  oscillator  circuit  consisting 
of  one  half  of  V332.  This  signal  frequency  was  ap¬ 
plied  to  the  grid  of  V331,  which  then  acted  as  a  gale 
to  control  the  length  of  the  transmitter  pulse.  The 
frequency  of  the  oscillator  could  be  controlled  by  the 
trimmer  capacitor  C336  and  was  in  addition  con¬ 
trolled  by  a  reactance  tube  circuit  consisting  of  the 
second  half  of  V332.  Thus,  by  varying  the  grid  poten¬ 
tial  on  the  reactance  tube,  the  frequency  of  the  oscil¬ 


lator  could  be  changed  at  will.  This  was  utilized  in  a 
frequency  sweep  during  the  transmitted  pulse.  The 
bias  on  the  grid  of  the  reactance  tube  V332B  could  be 
controlled  by  a  choice  of  cathode  resistors.  Relay 
K3.30  could  be  thrown  either  to  include  the  resistor 
R319  or  the  resistor  R350  in  the  cathode  circuit.  R349 
was  a  potentiometer  which  could  be  set  by  hand  so 
that  any  desired  frequency  could  be  produced  from 
the  oscillator.  When  R350  was  used,  the  initial  fre¬ 
quency  of  the  oscillator  was  raised  about  1  kc  above 
the  average  value.  At  the  time  the  keying  pulse  was 
sent  out,  the  cathode  was  grounded  by  the  keying 
relay  through  a  1, 000-ohm  resistor,  and  the  7-/xf  capa¬ 
citors  on  the  cathode  circuit  were  allowed  to  dis¬ 
charge,  thus  producing  a  frequency  sweep.  This  drop 
in  cathode  voltage  was  timed  to  coincide  with  the 
pulse  length  being  produced  by  the  operation  of  the 
trigger  circuit,  so  that  the  frequency  of  the  oscillator 
was  swept  approximately  2  kc  during  the  pulse.  This, 
in  effect,  caused  the  pulse  frequency  to  sweep  through 
2  kc,  centered  at  21.7  kc. 

Figure  105  is  a  schematic  circuit  diagram  of  the 
power  amplifier  for  the  200-cycle  ER  sonar  transmit¬ 
ter.  The  signal  pulse,  which  was  formed  by  V331  in 
the  keying  and  oscillator  chassis,  appeared  on  termi¬ 
nal  16  and  was  amplified  by  the  6V6  power  tube 
V306.  This  amplified  pulse  was  applied  to  the  grid  of 
the  715B  driver  tube  V307,  via  the  coupling  trans¬ 
former  and  an  isolation  capacitor  C360.  This  isola¬ 
tion  capacitor  was  necessary  to  prevent  voltage  break¬ 
down  between  the  primary  and  the  secondary  of  the 
coupling  transformer.  Parasitic  suppressor  chokes, 
consisting  of  chokes  in  parallel  with  resistors,  were 
formed  by  winding  the  choke  with  No.  30  wire,  utiliz¬ 
ing  the  resistor  as  a  winding  form.  These  suppressors 
were  connected  to  each  of  the  grids  of  V307.  The 
pulse  was  applied  through  a  special  interstage  trans¬ 
former  to  two  7I5B  power  output  tubes,  V308  and 
V309,  connected  in  parallel.  The  grids  of  these  power 
output  tubes  were  likewise  protected  by  parasitic 
suppressors  of  the  type  used  on  the  driver  stage. 
Driver  and  output  tubes  usually  had  sufficient  nega¬ 
tive  over-bias  to  prevent  plate  current  flow,  even  if 
the  line  voltage  supply  fell  to  100  volts.  A  special 
transformer  1305  was  used  in  the  plate  of  the  power 
output  tubes  in  order  to  match  the  plate  impedance 
of  these  tubes  to  the  input  impedance  of  the  trans¬ 
ducer.  The  primary  of  this  output  transformer  was 
tuned  by  C316.  The  interstage  transformer  T304,  be¬ 
tween  the  driver  and  the  output  stages,  and  the  out- 
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Figure  108.  Top  view  of  53-kc  ER  sonar  transmitter. 


Figure  109.  Bottom  view  of  53-kc  ER  sonar  transmitter. 


put  transformer  T305  were  identical  in  construction 
and  are  described  in  Chapter  5.  The  size  of  capacitor 
necessary  to  tune  these  transformers  to  the  same  fre¬ 
quency  was  a  function  of  the  load  impedance  placed 
on  the  secondary,  so  that  C315  and  C316  were  differ¬ 
ent  in  capacitance  although  tuned  to  the  same  fre¬ 
quency.  A  separate  filament  transformer  T306  was 
used  to  supply  the  heater  current  to  all  of  the  driver 
and  output  tubes  with  their  heaters  connected  in 
parallel. 

7.7.3  Transmitter  for  53-kc  ER  Sonar 

For  the  53-kc  500-cycle  system  the  transmitter  was 
modified  considerably  and  was  made  smaller.  Figures 
108  and  109  show  the  mechanical  construction  of  the 
transmitter  and  Figure  110  is  the  circuit  diagram. 

A  detailed  description  of  the  operation  of  the  cir¬ 
cuits  used  is  as  follows: 

V301  was  a  beam  tetrode  used  to  throw  a  relay 
K301  connected  in  the  plate  circuit.  The  tube  was 
normally  biased  to  cutoff,  so  that  the  positive  blank¬ 
ing  pulse  from  the  CRO  indicator  applied  to  the  grid 
would  cause  the  relay  to  close  momentarily.  The 
length  of  time  the  relay  remained  closed  was  deter¬ 
mined,  to  some  extent,  by  the  size  of  the  input  capa¬ 
citor  C301,  and  the  bleeder  network  R301,  R302,  and 
R303,  and  by  the  pulse  that  initiated  the  relay 
operation. 

When  relay  K301  closed,  a  positive  pulse  was  ap¬ 
plied  to  the  grid  of  the  trigger  tube  V302  which  de¬ 


termined  the  pulse  length  of  the  transmitter  output. 
This  positive  square  pulse  from  the  trigger  circuit 
was  coupled  to  the  grid  of  V303A  which  was  nor¬ 
mally  biased  to  the  cutoff  point.  The  oscillator  signal 
was  fed  to, the  same  grid  from  the  cathode  of  the  oscil¬ 
lator  tube  V306A.  Thus  V303A  was  used  to  key  the 
output  of  the  oscillator,  which  was  on  continuously. 
The  output  of  V303A  was  transformer-coupled  to  a 
6V6  driver  stage  V304  and  a  step-up  transformer 
T302  was  placed  in  the  plate  circuit  of  V304.  This 
applied  the  grid-drive  potential  to  the  single  715B 
output  tube. 

Frequency  sweep  of  the  transmitting  pulse  in  the 
53-kc  system  was  obtained  from  reactance-tube  con¬ 
trol  of  the  oscillator  V306B.  Between  pings,  the  oscil¬ 
lator  operated  at  a  frequency  higher  than  that  of  the 
center  frequency  of  the  system,  and  on  the  closing  of 
K30I,  a  positive  potential  was  applied  through  R336 
to  the  cathode  circuit.  The  time  constant  of  the  com¬ 
bination  of  R336  and  C311  determined  the  rate  of 
frequency  sweep.  This  time  constant  was  adjusted  so 
that  the  frequency  sweep  was  approximately  4  kc, 
centered  on  53  kc  during  the  2-millisecond  pulse 
interval. 

7.7.4  Transmitters  for  Submarine 
ER  Sonar 

The  transmitters  for  the  submarine  ER  sonar  were 
developed  directly  from  the  53-kc  transmitter  just 
described,  with  modifications  made  necessary  by  the 
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Ficurk  110.  Circuit  diagram  of  transmitter  for  53-kc  ER  sonar. 


mechanical  and  electrical  reejuirements  of  the  new 
system  and  those  shown  to  he  necessary  as  a  result  of 
experience  with  the  53-kc  equipment  in  operation. 

The  Model  1  submarine  transmitter  unit  was  built 
on  a  standard  Submarine  Signal  Company  Type  755 
receiver  chassis  and  was  designed  to  fit  into  the  cabi¬ 
net  commonly  used  with  this  receiver.  Two  7I51I 
tubes  were  used  in  parallel  to  feed  the  transducer 
load  through  an  output  transformer.  The  power  sup¬ 
ply  storage  capacitance  was  raised  to  8  /d  at  5,000 
volts  to  give  increased  power.  Substantially  the  same 
trigger,  keying,  reactance  tube,  and  amplifier  circuits, 
heretofore  described,  were  used.  Figure  111  is  a  pho¬ 
tograph  of  the  Serial  1  unit. 

Since  continued  failure  of  the  plate  supply  trans¬ 
formers  rendered  this  model  transmitter  unusable,  a 
second  model  was  developed  and  Model  1  was  not 
used.  A  voltage  doubling  plate  and  filament  trans¬ 
former  combination,  originally  used  in  radar  appli¬ 
cations,  was  readily  available.  The  size  of  these  units 
necessitated  a  complete  rearrangement  of  parts  and 
a  removal  of  the  low-voltage  supplies.  Flic  circuits 
of  Model  2  transmitter  is  described  in  detail  with  ref¬ 


erence  to  its  circuit  diagram  which  is  given  in  Figure 

112. 

V20I ,  a  beam  tetrode,  was  suppled  the  CRO  blank¬ 
ing  pulse  through  terminal  21.  The  tube  was  nor- 


Fjmiri  111.  Top  view  of  submarine  ER  sonar  transmit¬ 
ter,  Model  1,  Serial  1. 
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Figure  112.  Circuit  diagram  of  submarine  ER  sonar  transmitter.  Model  2,  Serial  1. 


mally  biased  to  cutoff;  the  application  of  this  pulse 
caused  it  to  become  momentarily  conductive,  operat¬ 
ing  a  relay  in  the  transducer  connected  to  the  plate 
of  V201  through  terminal  53.  This  relay  grounded 
terminal  50,  normally  at  a  negative  potential.  This 
caused  a  positive  pulse  to  appear  on  the  first  grid  of 
V202,  a  trigger  tube  which  determined  the  pulse 
length  of  the  transmitter  output.  The  pulse  produced 
by  V202  was  applied  to  the  grid  of  V207A,  which  was 
normally  biased  to  cutoff  by  a  bleeder  network  con¬ 
sisting  of  R214,  R215,  and  R216.  The  bias  voltage 
was  made  just  sufficient  to  cut  off  this  triode  section 
of  V207,  which  was  connected  between  the  positive 
supply  voltage  and  the  plate  of  the  oscillator  tube 
V207B.  Thus,  when  the  short  pulse  appeared  on  the 
grid,  this  half  of  V207  applied  a  positive  voltage  to 
the  oscillator,  in  effect,  keying  the  plate  voltage  of 
this  circuit.  The  oscillator  thus  operated  only  when 
plate  voltage  was  applied,  avoiding  crosstalk  diffi¬ 
culties  between  other  units  of  the  system. 

The  output  of  the  oscillator  was  amplified  by  V203 


and  transformer-coupled  to  the  grid  of  V204.  V204 
further  amplified  the  r-f  signal  and  fed  it  to  the  grids 
of  the  output  tubes  V205  and  V206  which  were  sup¬ 
plied  with  parasitic  suppressors.  These  two  715B 
output  tubes  were  operated  in  parallel  and  coupled 
to  the  transmitter  by  a  special  transformer.  C222  was 
an  8  /j.f  5,000-volt  storage  capacitor.  R222  A-E  and 
R229  made  up  the  high-voltage  bleeder,  across  a  por¬ 
tion  of  which  the  screen  voltage  for  the  output  tube 
was  developed.  C209,  a  5-,uf  1,000-volt  capacitor,  was 
the  screen  voltage  storage  capacitor. 

Figures  113  and  114  are  photographs  of  the  Model 
2  transmitter.  T205  was  a  2,500-volt  a-c  300-va  trans¬ 
former,  which  together  with  C213,  V208,  and  V209 
constituted  the  voltage  doubling  circuit.  T206,  a  dual 
filament  transformer,  was  necessary  because  of  the  re¬ 
quirement  for  separate  filament  supplies  insulated  to 
the  full  supply  voltage  above  ground  in  a  voltage 
doubling  system.  C213  was  made  sufficiently  small  to 
introduce  a  high  impedance  into  the  power  supply 
circuit,  limiting  the  maximum  current  drain  to  a 
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Figure.  113.  Top  view  of  submarine  ER  sonar  transmit-  Figure  11  1.  Bottom  view  of  submarine  F.R  sonar  trans¬ 
fer,  Model  2.  milter.  Model  2. 


value  compatible  with  the  power  output  required 
and  the  time  between  pings.  Type  SB2-1  rectifier 
tubes  were  used.  These  were  capable  of  carrying  a 
great  deal  more  current  continuously  than  were  the 
2X2's  previously  used  in  Model  1,  so  that  no  protec¬ 
tive  resistance  in  series  with  the  tubes  was  necessary. 

No  reactance-tube  control  of  frequency  was  em¬ 
ployed  in  the  Model  2  transmitter,  since  it  had  been 
decided  that  the  improvement  gained  from  the  fre¬ 
quency  sweep  did  not  warrant  the  additional  circuits 
involved.  This  design  proved  completely  satisfactory 
as  no  difficulty  was  experienced  with  the  trans¬ 
formers.  The  power  output  on  the  8, 000-yard  range 
was  7  kw  average  into  a  noninductivc  load. 

7-7-5  Pulse  Lines 

In  the  fall  of  1941,  research  was  begun  on  a  pulse 
line,  similar  to  those  used  in  radar  transmitters, 
which  might  be  used  as  an  energy-storage  system  to 
form  a  high-voltage  d-c  pulse  to  drive  a  power-oscil¬ 
lator  tube.40  It  was  hoped  that  line  could  be  designed 
to  give  a  better  shaped  pulse  than  could  be  obtained 
with  the  present  storage  capacitor  in  the  transmitter 
and  that  the  line  would  occupy  less  space  than  the 
storage  capacitor.  Theory  on  such  lines  is  given  in 
Chapter  9.  Up  to  the  present  time  a  number  of  differ¬ 
ent  pulse  lines  have  been  designed  and  tried  out, 
both  with  and  without  pulse  transformers,  but  the 
results  so  far  have  been  unsatisfactory.  It  has  been 
possible  to  produce  pulses  with  a  peak  power  output 
of  20  kw,  but  the  pulse  shape  was  only  slightly  better 


than  that  produced  by  the  single  storage  capacitor 
system,  and  the  space  and  weight  have  been  at  least 
as  great  as  that  used  by  the  single  capacitor. 

The  pulse  lines  arc  in  general  low-pass  type  filter 
networks  in  which  the  capacitors  may  be  charged 
relatively  slowly  by  a  high-voltage  rectifier  source.47 
The  line  is  then  discharged  through  a  load  by  means 
of  a  spark  gap  or  a  thyratron  tube.  The  pulse  ampli¬ 
tude  is  equal  to  one  half  the  voltage  to  which  the  line 
is  charged,  and  the  pulse  width  is  determined  by  the 
electrical  length  of  the  line. 

Figure  115  shows  the  type  of  line  tried  at  first,  with 
the  resultant  pulse  shape.  The  ripple  across  the  top 
of  the  pulse  formed  by  this  line  was  an  objectionable 
feature,  as  was  the  steepness  of  the  sides  of  the  pulse 
at  the  base  line.  The  ripple  from  this  type  of  line  was 
greatly  reduced  by  making  the  cutoff  frequency  of 
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Figure  115.  Circuit  diagram  of  J -section  pulse  line. 


CONFIDENTIAL 


SWEEP  GENERATOR  AND  RANGE  MARKING 


371 


ll.4mh  ll»4mh  4mh 


— ^ 

II 

jRP — | 

- ^ 

nr> — 

- CRftP - y 

"io 

L  _ 

40  ~j 

“20 

"50 

< 

< 

_ 5 

CAPACITIES  IN  Mfds 


Figure  116.  Circuit  diagram  of  modified  T-section  pulse 
line. 
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Figure  117.  Circuit  diagram  of  constant-#  pulse  line. 


the  line  less  than  n/r,  where  n  is  the  number  of  sec¬ 
tions  in  the  line,  and  r  is  the  time  duration  of  the 
pulse.  The  shape  of  the  pulse  at  the  base  line  was  not 
greatly  improved  by  any  of  the  methods  tried. 

Early  in  1945,  two  different  types  of  pulse  line  were 
set  up  with  promising  results;  one  of  these  was  a  mod¬ 
ification  of  the  T-section  network  and  the  other  was  a 
constant-#  network.  Figure  116  shows  the  modified 
T-section  type  with  its  resultant  pulse  shape.  The 
extra  capacitor  was  added  experimentally  to  help 
flatten  the  top  of  the  pulse.  The  pulse  obtained  with 
this  line  represented  a  peak  power  output  of  40  kw  at 
an  impedance  of  about  20  ohms.  It  would  be  difficult 
to  wind  the  inductances  to  give  a  higher  impedance 
than  20  ohms  without  resorting  to  iron  cores,  with 
the  consequent  danger  of  saturation  effects. 

A  constant  #  network  was  designed  with  hypersil 
iron-core  inductances  and  was  found  to  give  good 
pulse  shapes.48’48  Figure  117  shows  the  line  used  with 
the  pulse  shape  obtained.50 

7  8  SWEEP  GENERATOR  AND  RANGE 
MARKING 

7-81  Spiral  Sweep  Requirements 

The  electronic  rotation  scanning  sonar  required 
for  its  PPI  display,  a  spiral  sweep  that  is  synchronized 
in  its  start  with  the  emitted  ping  and  with  the  range¬ 
determining  device  and  is,  in  addition,  synchronized 
in  bearing  with  the  rotating  beam  pattern. 

The  spiral  sweep  was  usually  formed  by  amplitude- 


modulating  a  circular  sweep  with  an  expanding  or 
radial  sweep.  The  circular  sweep  may  be  generated 
by  either  mechanical  or  electronic  means.  The  me¬ 
chanical  generator  could  be  a  2-  or  3-phase  rotating 
machine.  However,  since  the  ER  commutation  is 
done  electrically,  the  sweep  generation  is  best  done 
electrically.  The  customary  electronic  sweep  gen¬ 
erator  consisted  of  a  single-phase  oscillator  operating 
at  the  rotation  frequency,  followed  by  a  modulator 
and  a  phase-splitting  network.  Two  quadrature  sig¬ 
nals  from  the  phase-splitting  network  were  amplified 
by  power  amplifiers  and  used  to  drive  2-phase  deflec¬ 
tion  coils  on  the  magnetic  deflection  cathode-ray 
tube.  The  expanding  sweep  usually  fed  to  the  modu¬ 
lator  was  the  voltage  across  a  capacitor,  which  was 
being  charged  through  a  resistor  from  a  source  whose 
voltage  might  or  might  not  be  compensated  to  make 
the  expanding  sweep  linear.51’52  If  a  simple  non¬ 
linear  charging  circuit  is  used,  the  linearization  may 
be  carried  out  in  the  modulator.  If  the  sweep  is 
linear,  then  a  linear  modulating  circuit  must  be  used. 
The  expanding  sweep  is  reset  by  means  of  a  shorting 
element  that  discharges  the  capacitor. 

7-8-2  Sequence  Control 

In  any  system  a  certain  sequence  of  operations 
must  be  performed.  The  face  of  the  cathode-ray  tube 
must  be  blanked  at  the  end  of  the  PPI  display  and 
must  remain  blanked  until  all  of  the  pinging  func¬ 
tions  are  completed.  At  the  same  time  as,  or  immedi¬ 
ately  after,  the  face  of  the  cathode-ray  tube  is 
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blanked,  the  expanding  sweep  must  be  reset  and  the 
rotation  pulse  to  the  rotor  must  be  blanked,  if  the 
rotor  is  such  that  it  requires  this  protection.  If  the 
system  has  an  audio  or  BDI  channel,  this  should  be 
blanked  at  the  same  time.  When  these  steps  have 
been  completed,  the  transmitter  must  be  keyed  while 
a  timing  circuit  makes  the  length  of  this  ping  equal 
to  the  time  for  one  revolution  of  the  scanning  sensi¬ 
tivity  beam.  After  the  end  of  the  ping,  the  various 
blanking  and  protecting  circuits  must  be  returned  to 
their  receive  condition,  and  the  cathode-ray  tube 
must  again  be  made  sensitive  to  brightening  by  any 
returning  sound.  The  dead  time,  during  which  the 
face  of  the  cathode-ray  tube  is  blanked,  should  be 
held  to  a  minimum  because  the  time  lost  between  the 
blanking  of  the  face  of  the  cathode-ray  tube  and  the 
emission  of  the  ping  reduces  the  rapidity  with  which 
information  is  obtained.  The  time  interval  between 
ping  and  the  rebrightening  of  the  face  of  the  cathode- 
ray  tube  determines  the  minimum  range  from  which 
echoes  may  be  seen. 

7-8-3  Range  Determination 

The  ER  scanning  system  is  adaptable  to  range  de¬ 
termination  by  several  methods  such  as  (1)  marks 
engraved  upon  the  protective  cover  of  the  cathode- 
ray  tube,  (2)  brightening  marks  placed  electronically 
at  fixed  ranges,  or  (3)  a  brightened  mark  adjustable  to 
any  desired  range  that  may  be  indicated  on  a  separate 
indicator.  The  first  two  systems  give  an  approximate 
range  only  and  depend  for  accuracy  on  the  linearity 
of  the  sweep.  The  third  method  is  the  most  accurate 
and  may  be  varied  by  using  a  separate  scope  for  range 
measurement. 

The  ways  in  which  these  various  timing  functions 
have  been  carried  out  is  described  in  connection  with 
the  various  ER  scanning  systems.  The  operation  of 
each  circuit  modification  is  described  with  the  system 
in  which  the  modification  was  introduced.  The  oper¬ 
ation  of  the  submarine  system  is  described  in  greatest 
detail  as  representative  of  the  best  methods  at 
present. 

7M  Sweep  and  Timing  Circuits  for 
60-cycle  ER  Sonar 

The  60-cycle  switching  frequency  ER  sonar,  in¬ 
stalled  in  the  Aide  de  Camp  in  October  1913,  used 
the  QH  Model  1  indicator  (12-inch  cathode-ray 


tube),  keying  chassis,  and  15-kw  transmitter.  The 
sweep  for  the  cathode-ray  tube  was  generated  by  a 
synchro  connected  directly  to  one  end  of  a  bench 
grinder  motor.  Another  synchro  connected  to  the 
other  end  of  the  motor  supplied  the  switching  volt¬ 
ages  to  the  rotor.  The  sweep,  timing,  and  send-receive 
circuits  are  discussed  in  Chapter  5. 

7.8.5  Sweep  and  Timing  Circuits  for 
200-cycle  ER  Sonar 

The  sweep  circuits  for  this  system  differed  from 
those  used  in  the  CR  system,  since  the  200-cycle 
switching  and  rotation  frequency  was  too  high  to  be 
obtained  by  means  of  a  mechanical  generator  such 
as  used  with  the  60-cycle  system.  In  this,  and  succeed¬ 
ing  systems,  a  vacuum-tube  oscillator  was  used  to 
generate  both  the  switching  and  the  sweep  voltages. 
The  sweep  signal  was  split  into  two  phases  90  degrees 
apart,  amplified  by  a  pair  of  power  tubes,  then  ap¬ 
plied  to  2-phasc  deflection  coils  in  order  to  produce 
a  circular  sweep  whose  radius  was  controlled  by  an 
amplitude-modulating  circuit. 

The  circuits  used  in  this  first  installation  are  shown 
in  Figure  118.  The  6V0  driver  had  a  tuned  plate  cir¬ 
cuit  which  by  passed  the  low  frequency  and  d-c  com¬ 
ponents  of  the  signal  and  passed  on  only  the  200-cycle 
component  to  the  phase-splitting  network  through 
the  coupling  transformer.  The  coupling  transformer 
was  subsequently  replaced  by  a  coupling  capacitor. 
The  output  of  one  phase  of  the  phase-splitting  net¬ 
work  was  the  unshifted  signal,  attenuated  to  the  same 
level  as  the  signal  for  the  quadrature  phase.  The 
quadrature  phase  was  formed  from  the  unshifted 
phase  by  shifting  it  approximately  90  degrees  by 
means  of  an  RC  circuit.  The  outputs  of  the  phase- 
splitter  went  to  the  grids  of  the  pair  of  6V6  cathode 
followers.  The  deflection  coils  were  directly  con¬ 
nected  to  the  cathodes  of  the  6V6  followers.  Subse¬ 
quently,  transformer  coupling  was  used,  as  shown  in 
the  circuit  diagram  in  Figure  1 19. 

Originally,  the  timer  was  merely  a  multipoint 
switch  with  the  stop  removed  so  that  it  could  be  ro¬ 
tated  continuously.  The  rotating  contact  of  the  timer 
was  attached  to  one  side  of  the  sweep  capacitor  and 
the  fixed  contacts  were  attached  through  the  range 
selection  switch  to  the  other  side.  Thus,  when  the 
timer  closed  a  contact  connected  through  the  range 
switch  to  the  sweep  capacitor,  the  sweep  capacitor 
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Figure  118.  Circuit  diagram  of  spiral  sweep  for  200-cycle  ER  sonar. 


was  discharged,  and  the  sweep  restarted.  A  differen¬ 
tiating  circuit  and  relay  were  subsequently  added  to 
the  200-cycle  system53  to  reduce  the  time  that  the 
capacitor  remained  shorted  from  300  to  50  milli¬ 
seconds. 

Some  dissatisfaction  was  felt  with  the  method  used 
to  get  the  expanding  200-cycle  voltage.54’55  Most  of 
the  subsequent  changes  were  incorporated  into  the 
53-kc  500-cycle  system  and  are  discussed  in  that  sec¬ 
tion.  The  change  in  the  timing  mentioned  in  the 
reference  was  not  incorporated  into  the  53-kc  system 
because  an  improved  timer  was  found. 

There  was  no  method  of  range  determination  in¬ 
corporated  into  this  200-cycle  system. 


7-8.6  Sweep  and  Timing  Circuits  for 
53-kc  ER  Sonar 

After  the  200-cycle  system  had  been  in  use  for  a 
few  months,  a  53-kc  system  with  a  500-cycle  switching 
frequency  was  built  (see  circuit  diagram  in  Figure 
120).  The  range  start  and  range  limit  circuits  were 
the  same  as  those  which  had  been  used  previously. 
The  timer  was  a  6.3-volt  mechanical  contactor  driven 
by  a  synchronous  motor  which  was  built  especially 
for  HUSL  by  the  Sangamo  Electric  Company.  The 
contacts  closed  every  1,500,  3,750,  or  7,500  yards  (as¬ 
suming  the  sound  velocity  in  the  water  to  be  4,800 
yards  per  second)  and  remained  closed  for  1  milli- 


CONFIDENTIAL 


ELECTRONIC  ROTATION  SCANNING  SONAR 


374 


second.  The  discharge  of  the  sweep  capacitor  was 
brought  about  in  the  same  way  as  in  the  200-cycle 
system.  Since  the  sweep  capacitor  was  charged  to  only 
a  small  fraction  (about  0.2)  of  the  supply  voltage,  the 
expansion  sweep  was  reasonably  linear.  The  modu¬ 
lator  characteristic  compensated  for  the  remaining 
nonlinearity.  Such  compensation  is  discussed  later  in 
connection  with  the  sweep  for  the  submarine  ER 
sonar.  There  was  no  range-marking  or  range-deter¬ 
mining  device  incorporated  in  the  53-kc  ER  sonar. 

The  changes  in  the  53-kc  system  from  the  200-cycle 
system  were  in  the  modulator  which  generated  the 
expanding  2-phase  500-cycle  sweep,  in  the  blanking 
circuit,  and  in  the  sweep  power  output  circuit  which 
drove  the  deflection  coils.  The  only  item  added  was 
a  phase-shifting  network  in  the  500-cyclc  input  to  the 
sweep  expander,  so  that  adjustment  of  the  relative 


bearing  of  the  display  was  permitted.  This  phase 
shifter,  used  in  front  of  the  expansion  modulator, 
consisted  of  a  transformer  across  whose  center-tapped 
secondary  was  connected  a  0.0 1  -/y.f  capacitor  and  a 
variable  resistor.  This  is  a  standard  phase-shifting 
device  in  which  the  phase  at  the  junction  of  the  capa¬ 
citor  and  resistor  varies  as  the  resistor  is  varied.  When 
the  resistance  is  infinite,  the  signal  from  this  junc¬ 
tion  to  the  center  tap  is  in  phase  with  the  input  sig¬ 
nal.  As  the  resistor  is  made  smaller,  the  phase  be¬ 
tween  this  point  and  the  center  tap  leads  more  and 
more,  but  the  amplitude  remains  constant.  By  the 
time  the  resistance  has  been  reduced  to  zero  the  out¬ 
put  is  180  degrees  out  of  phase  with  its  phase  for  in¬ 
finite  resistance,  whereas  the  amplitude  is  still  un¬ 
changed  and  is  equal  to  its  original  value. 

The  modulator  made  use  of  the  twin  triodes  in  a 
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RANGE  SWITCH 


6SN7.53>54>5r>  When  the  bias  on  these  triodes  was  in¬ 
creased  beyond  the  normal  value,  the  gain  fell  off 
considerably.  A  linear  expansion  range  of  15  to  1  is 
possible  in  each  triode.  The  grid  returns  for  both 
triodes  were  made  to  the  expanding  d-c  voltage.  The 
500-cycle  a-c  signal,  which  was  to  have  its  amplitude 
changed,  was  applied  directly  to  the  grid  of  the  first 
triode.  A  fixed  attenuator  was  incorporated  in  the 
coupling  network  between  the  first  and  second 
triodes,  so  that  the  level  of  the  signal  at  the  grid  of  the 
second  triode  would  be  reduced  to  approximately  the 


same  value  as  the  level  of  the  signal  at  the  grid  of  the 
first  triode.  This  prevented  excessive  harmonic  dis¬ 
tortion  without  introducing  excessive  hum.  By  very 
careful  choice  of  all  the  components,  particularly  the 
plate  load  resistors,  the  degree  of  expansion  was 
made  directly  proportional  to  the  bias. 

The  phase-splitting  network  in  this  model  con¬ 
sisted  of  two  RC  sections,  one  phase  lead,  and  the 
other  phase  lag.  There  was  a  phase  shift  in  each  of 
these  channels  of  approximately  45  degrees  at  the 
switching  frequency  of  500  cycles. 
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IS  CRITICAL.  NECCSSARY  TO  PHASE  Otf LECTION  COILD. 

0  THIS  15  A  PORTION  Of  THE  W*  PHASE  SHIFT  NETWCftt  C.  ADJUST  .UNTIL  OPEN  CIRCUIT  VOLTAGES  AT  23  827 

ft  IS  CRITICAL  ARE  EQUAL  IN  AMPUTUOE  ft  SO*  OUT  OF  PHASE.. 

C.  TM5  CONDENSER  AFFECTS  SWEEP  LINEARITY;  IT  MAY 
NOT  BE  NECESSARY  OR  VALUE  MAY  BE  AS  URGE 
•S  0.2 

Flot'RK  1 2 1 .  Circuit  diagram  of  sweep,  range,  and  oscillator  chassis,  submarine  I'R  sonar,  Model  1. 


The  blanking  pulse  was  sharpened  without  resort¬ 
ing  to  a  multivibrator  by  increasing  the  voltage 
across  the  sweep  capacitor.  This  voltage  could  be  in¬ 
creased  without  increasing  the  change  of  gain  exces¬ 
sively,  because,  at  the  same  time,  resistance  was 
added  to  the  cathode  return  of  the  expander  tubes. 
The  larger  pulse  then  formed  upon  discharge  of  the 
sweep  capacitor  cut  off  the  first  of  the  blanking 
triodes,  and  thus  produced  a  flat-topped  blanking 
pulse.  The  second  triode  of  the  blanking  circuit  was 
biased  beyond  cutoff,  so  that  the  tail  of  the  capacitor 
discharge  was  also  clipped  off.  T  he  bleeder  from  the 


cathode  biasing  arrangement  increased  the  apparent 
input  impedance,  as  well  as  the  height  of  the  blank¬ 
ing  pulse.  The  timing  of  the  ping,  by  means  of  the 
blanking  pulse,  and  the  control  of  the  ping  length  is 
fully  discussed  in  the  foregoing  section  on  transmit¬ 
ters. 

7-8-7  Sweep,  Timing,  and  Range-Marking 
Circuits  for  Submarine  ER  Sonar 

The  submarine  system1-42  teas  built  in  four  sep¬ 
arate  boxes.  One  was  the  indicator  box  containing 
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the  PPI  display  and  all  of  the  controls,  a  front  view  of 
which  is  shown  in  Figure  88.  The  other  three  boxes 
contained  (1)  the  transmitter  chassis,  (2)  receiver 
chassis,  and  (3)  the  chassis  upon  which  were  mounted 
the  sweep  circuit,  range-marking  circuit,  oscillator 
circuit,  timer,  and  pulse-generating  circuit  for  switch¬ 
ing  the  varistor  rotor.  The  last  named  was  known  as 
the  SRO  chassis  and  its  circuit  diagram  is  shown  in 
Figure  121.  Photographs  of  the  top  and  bottom  of  the 
chassis  are  shown  in  Figures  122  and  123  respectively. 
Two  models  were  built,  and  are  described  separately. 

In  the  first,  the  sweep  circuit  and  the  blanking  and 
pulse-generating  circuits  used  were  almost  identical 
with  those  used  in  the  53-kc  system.  The  oscillator 
was  built  from  a  description  in  the  literature56  and 
was  found  to  be  satisfactory.  The  timing  portion  of 
the  range-marking  circuits  was  developed  especially 
for  this  system.52-  57’ 58  (The  phantastron52  circuit  was 
originally  tried,  but  was  not  satisfactory  with  an  un¬ 
regulated  power  supply.) 

The  sweep  circuit  supplied  the  two-phase  300-cycle 
switching  voltage  of  increasing  amplitude  to  the  de¬ 
flection  coils  of  the  indicator  box.  This  voltage 
started  at  a  negligible  amplitude  at  the  time  that 
sound  was  put  into  the  water.  It  increased  to  a  suffi¬ 
cient  value  to  give  deflection  to  the  edge  of  the  tube 
by  the  end  of  the  time  required  for  the  sound  to 
travel  to  and  return  from  the  range  to  which  the  se¬ 
lector  switch  upon  the  indicator  box  was  set. 

The  range  selector  switch  (1)  shown  in  Figure  88 
had  three  positions  allowing  ranges  out  to  three  dif¬ 
ferent  maxima  (that  is,  3,000,  1,500,  and  600  yards) 
to  .be  indicated  on  the  face  of  the  cathode-ray  tube 
before  the  new  sweep  was  started.  To  effect  a  change 
in  range,  this  switch  controlled  a  pair  of  relays  in  the 
SRO  chassis. 

In  order  that  the  range  could  be  determined  accu¬ 
rately,  a  range-marking  circuit  was  incorporated  into 
the  system.  This  circuit  put  a  bright  ring  on  the  face 
of  the  cathode-ray  tube  at  the  same  place  that  an 
echo  would  appear,  returning  from  the  range  indi¬ 
cated  on  the  drum  dial  at  the  left  (7)  in  Figure  88. 
This  bright  ring  was  blanked  under  the  cursor  so  that 
it  would  not  interfere  with  any  echo  which  might  be 
returning  from  the  direction  indicated  by  the  cursor. 
The  hand  wheel  in  the  lower  left  corner  of  the  panel 
(8)  (Figure  88)  turned  this  dial  and  the  potentiometer 
(30)  (Figure  90)  attached  thereto,  delivering  a  volt¬ 
age  to  the  range  marking  circuit  in  the  SRO  chassis 
that  was  proportional  to  the  range  indicated  on  the 


dial.  The  range-marking  circuit  then  decreased  the 
voltage  at  the  cathode  of  the  cathode-ray  tube  at  the 
proper  time  to  put  the  range  mark  on  the  face  of  the 
tube,  and  restored  the  normal  voltage  while  the 
sweep  was  passing  under  the  cursor. 

This  restoration  of  voltage,  which  produced  the 
blanking  of  the  range  mark  in  bearing,  was  timed  in 
accordance  with  the  phase  of  the  output  from  the 
rotor  of  the  phase  shifter  (31)  (Figure  90)  in  the  indi¬ 
cator  box.  The  rotor  of  this  phase  shifter  was  geared 
to  and  turned  with  the  bug  ring,  so  that  the  phase 
of  the  output  corresponded  to  the  position  of  the  bug 
ring.  The  stator  of  the  phase  shifter  was  excited  by  a 
2-phase  voltage  of  constant  amplitude  at  the  rotation 
frequency  coming  from  the  SRO  chassis. 

The  oscillator  supplied  voltage  with  a  frequency 
of  approximately  300  cycles  for  the  sweep  and  range 
circuits,  as  well  as  for  switching  the  varistors  in  the 
rotor.  The  exact  frequency  of  this  oscillator  was  de¬ 
termined  by  a  discriminator  in  the  rotor  so  that  con¬ 
tinuous  scanning  would  be  given  by  the  rotor. 

The  pulse  generator  in  Model  1,  Serial  1,  was 
merely  a  power  amplifier  for  the  sine  wave  used  in 
switching. 

The  cathode  potential  of  the  cathode-ray  tube  was 
raised,  during  the  return  of  the  spot  to  the  center  of 
the  tube,  by  means  of  the  blanking  circuit  in  the  SRO 
chassis,  thus  blanking  the  return  trace;  that  is,  pre¬ 
venting  the  face  from  brightening. 

The  following  pages  describe  the  SRO  circuit  op¬ 
eration  in  detail.  The  sweep  consisted  of  a  voltage 
amplifier  followed  by  a  phase-splitting  network  and 
a  power  amplifier.  The  gain-controlled  portion  con¬ 
sisted  of  two  half  6SN7  triodes  V301  which  were 
biased  nearly  to  cutoff,  with  greatest  bias  at  the  start 
of  the  sweep,  and  least  bias  at  the  end  of  the  sweep. 
With  the  resistors  and  voltages  used  in  this  circuit, 
the  amplification  of  these  triodes  was  proportional  to 
the  decrease  in  bias.  The  amplification-bias  character¬ 
istic  had  a  slight  curvature  which  compensated  for  the 
curvature  of  the  capacitor’s  voltage-time  character¬ 
istic.  The  bias  was  obtained  from  the  negative  supply 
through  the  range  start  potentiometer,  R337,  which 
determined  the  bias  at  the  start  of  the  sweep,  and  was 
decreased  by  current  from  the  200-volt  positive  sup¬ 
ply  through  the  range  limit  potentiometer  R332  and 
the  charging  resistors  R301  through  R306.  The  capa¬ 
citors  C310  and  C311  were  discharged  to  return  the 
sweep  to  the  center  of  the  face  of  the  cathode-ray  tube 
by  the  mechanical  timer. 
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Fichu:  122.  Top  view  of  sweep,  range,  and  oscillator 
chassis  for  submarine  ER  sonar.  Model  1. 

This  timer  was  composed  of  two  contactors  actu¬ 
ated  by  cams  driven  by  a  synchronous  motor.  The 
capacitors  were  then  charged  through  that  pair  of 


the  charging  resistors  which  were  connected  by  the 
relays  for  the  maximum  range  in  use.  The  relay  coils 
were  energized  from  the  positive  supply  through  the 
range  selection  switch  on  the  indicator  box.  When 
the  range  switch  was  in  the  3, 000-yarcl  position, 
neither  relay  was  energized.  The  current  flow 
through  the  large  resistors  R301  and  R302  hence  was 
small  and  the  capacitor  charged  slowly.  For  the  1,500- 
yard  range  one  relay  was  energized,  and  for  the  600- 
yard  range  the  other  relay  was  energized,  thus  in¬ 
serting  either  R303  and  R301  or  R305  and  R306  into 
the  circuit  and  permitting  the  capacitor  to  charge  to 
the  same  voltage  in  shorter  lengths  of  time.  The  con¬ 
tacts  on  the  motorized  contactor  K301  were  also 
switched  by  the  relays,  so  that  on  the  600-yarcl  range 
the  contactor  shorted  and  hence  discharged  C310 
every  750  milliseconds;  on  the  1,500-yard  range,  every 
1.87  seconds;  and  on  the  3,000-yard  range,  every  3.75 
seconds.  The  contacts  stayed  closed  for  only  a  fete 
milliseconds,  and  the  sweep  recommenced  from  the 
center  as  soon  as  they  opened. 


Fichu:  123.  Bottom  view  of  sweep,  range,  and  oscillator  chassis  for  submarine  ER  sonar. 
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The  alternating  voltage,  which  was  amplified  by 
this  variable  gain  amplifier,  came  from  the  bleeder 
R353  and  R352  at  the  output  of  the  oscillator  section. 
Its  amplitude  was  controlled  by  the  potentiometer 
R309  in  the  grid  circuit  of  V301A.  Since  only  the 
variation  in  gain  of  these  triode  sections  was  needed, 
and  not  the  gain  itself,  the  excessive  signal  ampli¬ 
tude  at  the  plate  of  the  first  triode  was  attenuated 
through  the  bleeder  R312  and  R313.  The  output  of 
this  gain  control  section  was  resistance-coupled  to 
the  first  6V6  in  the  power  amplifier  stage  by  C305  and 
R315  which  had  a  small  time  constant  so  that  the  d-c 
control  voltage  was  kept  out  of  the  power  amplifier. 
This  6V6  was  transformer-coupled  by  T301  to  the 
bridge-type  phase-splitting  network.  The  portion  of 
the  bridge  formed  by  R317,  R318,  and  C307  delayed 
the  switching  frequency  by  a  small  amount  so  that  it 
was  given  a  slight  phase  lag.  The  portion  of  the 
divider  formed  by  C306,  R319,  and  R320  shifted  the 
phase  of  the  switching  frequency  in  the  opposite 
direction  to  introduce  enough  phase  lead  so  that  the 
difference  in  phase  between  the  grids  of  the  two 
6V6’s,  V303  and  V304,  was  90  degrees.  This  phase- 
shifting  network  gave  90  degrees  phase  shift  over  an 
extended  range  of  frequencies.  However,  the  ampli¬ 
tude  of  the  phase  lag  section  decreased  as  the  switch¬ 
ing  frequency  increased,  and  the  amplitude  of  the 
phase  lead  section  increased  as  the  frequency  in¬ 
creased,  so  that  the  potentiometer  R319  was  incor¬ 
porated  to  make  the  amplitudes  of  the  quadrature 
voltages  at  the  grids  of  the  6V6’s  equal.  This  control 
was  called  a  circularity  control,  since  the  spiral  on 
the  face  of  the  cathode-ray  tube  would  be  egg-shaped 
if  the  control  were  in  the  wrong  position.  V303  and 
V304  were  cathode  followers  transformer-coupled  by 
T302  and  T303  to  the  deflection  coils  in  the  indi¬ 
cator  box. 

At  the  time  capacitor  C310  was  discharged  by  the 
contactor  and  the  sweep  returned  to  the  center,  there 
were  electrical  disturbances  and  acoustical  disturb¬ 
ances  if  the  system  was  transmitting.  This  placed  ex¬ 
traneous  and  erratic  marks  upon  the  face  of  the  cath¬ 
ode-ray  tube.  To  prevent  this,  the  pulse  generated  by 
the  contactor  discharging  C310  was  differentiated  by 
the  circuit  C312  and  R323,  amplified  by  V305A,  and 
applied  to  the  cathode  of  the  cathode-ray  tube  in  the 
indicator  box  by  means  of  the  cathode  follower 
V305B.  V305B  wTas  normally  biased  beyond  cutoff 
and  had  no  effect  upon  the  rest  of  the  circuit,  except 
during  the  blanking  time.  The  normal  potential  at 


the  cathode  of  the  cathode-ray  tube  was  determined 
by  the  potentiometer  R398  in  the  bleeder  from  the 
positive  supply.  This  potentiometer,  by  controlling 
this  potential,  controlled  the  background  intensity 
of  the  cathode-ray  tube. 

When  the  keying  switch  (9),  shown  in  Figure  88, 
was  in  the  automatic  position,  plate  voltage  was  ap¬ 
plied  to  a  keying  tube  in  the  transmitter,  and  a  pulse 
of  sound  was  put  into  the  water  by  the  projector  each 
time  the  sweep  returned  to  the  center.  With  the  key¬ 
ing  switch  in  the  single  position,  a  pulse  of  sound  was 
put  into  the  water  the  first  time  that  the  sweep  re¬ 
turned  to  the  center  of  the  scope.  No  further  sound 
was  emitted  no  matter  how  long  the  key  was  held 
down,  because  the  plate  circuit  of  the  keying  tube 
was  supplied  by  the  charge  upon  capacitor  C405  for 
the  first  pulse  and  the  capacitor  was  thereafter  dis¬ 
charged  so  that  no  plate  voltage  was  applied.  The 
capacitor  was  recharged  when  the  switch  was  allowed 
to  return  to  its  normal  position. 

To  echo-range,  the  key  was  put  into  either  the 
automatic  or  single  position.  In  the  automatic  posi¬ 
tion  a  short  pulse  of  sound  was  put  into  the  water  at 
the  start  of  each  sweep.  Any  echoes  appeared  on  the 
face  of  the  catliode-ray  tube  as  bright  arcs  with  bear¬ 
ings  corresponding  to  the  bearings  of  the  echo  sources 
and  at  distances  from  the  center  roughly  correspond¬ 
ing  to  the  ranges  of  the  echo  sources.  To  determine 
the  range  accurately,  the  range  hand  wheel  was 
turned  until  the  range-marking  circle  and  the  bright¬ 
ening  from  the  echo  source  coincided  and  formed  a 
complete  ring.  The  range  of  the  echo  source  could 
then  be  read  on  the  range  dial.  The  mark  was  inde¬ 
pendent  of  the  range  switch  setting,  so  that  if  the 
range  dial  were  set  to  a  greater  range  than  the  maxi¬ 
mum  being  displayed,  the  circuit  produced  no  bright 
ring.  It  was  unnecessary  to  read  the  dial  more  closely 
than  10  yards  because  ranges  determined  by  echoes 
were  always  in  doubt  by  that  amount,  and  that  was 
the  precision  required.59'  60 

The  range  mark  could  be  removed  from  the  visible 
portion  of  the  sweep  by  turning  the  range  hand 
wheel  (8)  to  the  left  until  the  range  scale  (7)  (see 
Figure  88)  read  0,  or  by  turning  the  hand  wheel  to  the 
right  until  the  scale  read  3,000  yards. 

The  range-marking  circuit  consisted  of  six  triodes 
and  two  twin  triodes  performing  separate  functions. 
The  first  triode  was  a  reset  tube,  the  second  a  sweep 
tube,  the  third  a  linearizing  tube,  the  fourth  a  trigger 
tube,  the  fifth  and  sixth  generated  the  range  mark 
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pulse,  the  seventh  and  eighth  served  as  a  power  am¬ 
plifier  to  supply  the  phase  shifter  in  the  indicator 
box,  the  ninth  formed  the  bearing  blanking  pulse, 
and  the  tenth  injected  the  range  mark  into  the  rest 
of  the  circuit. 

V310  was  the  reset  tube.  The  blanking  pulse  made 
its  grid  positive  through  C327  and  R3G1,  thereby 
causing  it  to  conduct,  whereas  it  had  normally  been 
biased  beyond  cutoff.  When  this  reset  tube  con¬ 
ducted,  it  discharged  the  sweep  capacitor  C328 
through  the  inductor  L303.  The  inductor  and  the 
capacitor  had  more  influence  upon  the  current  dur¬ 
ing  the  discharge  of  the  capacitor  than  did  the  inter¬ 
nal  resistance  of  the  reset  tube,  so  that  the  capacitor 
was  completely  discharged  within  the  50-millisecond 
interval  that  the  cathode-rav  tube  was  blanked. 

The  sweep  capacitor  C328  was  then  recharged 
slowly  through  R363  and  R362.  The  charging  cur¬ 
rent  flowing  through  R3f>2  raised  the  potential  of 
the  grid  (pin  No.  4,  V310B)  to  about  24  volts  above 
ground.  If  the  grid  became  more  positive,  the  sweep 
tube  V310B  would  pass  more  current,  thus  increas¬ 
ing  the  voltage  drop  across  R363,  and  decreasing  the 
potential  on  the  grid  of  the  sweep  tube  by  virtue  of 
the  fact  that  the  voltage  across  C328  cannot  change 
instantaneously.  If  the  grid  of  the  sweep  tube  be¬ 
came  less  positive  than  24  volts,  the  reversed  effect 
would  take  place.  Hence,  the  grid  potential  must 
remain  24  volts.  Since  the  voltage  across  R3G2  was 
constant,  the  current  through  it  was  constant.  Con¬ 
sequently,  the  charge  on  the  capacitor  and  the  volt¬ 
age  across  the  capacitor  increased  linearly  with 
time.08 

The  linearizing  tube  V3 1 1 A  was  a  cathode  follower 
whose  cathode  potential  follows  the  potential  of  the 
plate  of  the  sweep  tube.  This  tube  with  the  bleeder 
R365  and  R3G4  increased  the  potential  of  the  cath¬ 
ode  of  the  sweep  tube  as  the  potential  of  the  plate  of 
the  sweep  tube  increased,  thus  compensating  for  the 
limited  gain  of  the  sweep  tube.  When  the  potentio¬ 
meter  R364  (linearity)  was  adjusted  so  that  the  volt¬ 
age  division  across  this  bleeder  was  ccjual  to  the  volt¬ 
age  amplification  of  the  sweep  tube,  these  two  tubes 
formed  a  circuit  having  very  high  gain.  This  main¬ 
tained  the  voltage  at  the  grid  of  the  sweep  lube  con¬ 
stant,  regardless  of  what  the  potential  at  the  plate  of 
the  sweep  tube  might  be.  The  potentiometer  R369 
(range  rate)  was  in  a  bleeder  from  the  positive  supply 
and  the  position  of  its  slider  determined  the  poten¬ 
tial  to  which  the  sweep  and  linearizing  tubes  held  the 


grid  ol  the  sweep  tube.  Thus,  by  varying  this  poten¬ 
tiometer,  the  rate  at  which  the  capacitor  C328  was 
charged  was  varied,  and  hence  the  sweep  rate  was 
changed.  A  system  of  calibration  using  the  timer  as  a 
time  divider  was  worked  out  for  use  in  setting  the 
sweep  rate  potentiometer,  the  linearity  potentio¬ 
meter,  and  the  range  zero,  and  is  described  briefly  at 
the  end  of  this  chapter. 

The  bleeder  containing  R3G9  also  included  the 
helipot  in  the  indicator  box.  The  cathode  of  the  trip 
tube  V31  IB  was  connected  to  the  slider  of  the  heli¬ 
pot.  1  he  plate  voltage  of  this  tube  was  supplied  by 
the  transformer  T305,  the  varistor  rectifier  CR301, 
and  the  filler  capacitor  C330.  At  the  start  of  the 
sweep  the  potential  of  the  more  positive  side  of  the 
sweep  capacitor  G328,  and  hence  of  the  grid  of  the 
trip  tube,  was  low,  so  that  the  trip  tube  did  not  con¬ 
duct.  When  the  voltage  across  the  sweep  capacitor 
rose  to  about  one  volt  less  than  the  voltage  at  the 
slider  of  the  helipot,  which  was  also  the  voltage  of  the 
cathode  of  the  trip  tube,  the  trip  tube  conducted. 
The  pulses,  which  were  always  on  the  grid  of  the  trip 
tube,  were  amplified  and  appeared  at  the  plate. 
I  hese  pulses  came  from  the  bearing  blanking  pulse 
generator  V315A  and  were  differentiated  through 
the  network  formed  by  G329  and  R3GG  so  that  a 
sharp  pulse  was  provided  for  triggering  the  range¬ 
marking  pulse  generator.  The  plate  of  the  trip  tube 
was  capaeitively  coupled  to  the  grid  of  V316B. 

V31G  was  a  conventional  pulse-generating  circuit, 
except  that,  once  it  had  been  tripped,  a  long  time 
was  required  for  the  circuit  to  recover  and  become 
sensitive  to  a  new  tripping  pulse.  This  prevented  suc¬ 
cessive  spurious  range  marks  on  the  face  of  the 
cathode-ray  tube.  The  plate  of  V316B  was  normally 
at  a  small  positive  potential  with  respect  to  the  cath¬ 
ode,  because  the  tube  normally  had  no  bias.  When  a 
negative  pulse  was  received  from  the  trip  tube,  the 
plate  of  V316B  became  positive,  so  that  V316A, 
which  was  formerly  biased  beyond  cutoff,  now  con¬ 
ducted,  driving  the  grid  of  V31GB  negative  beyond 
cutoff  and  holding  it  there  for  about  3  milliseconds. 
The  positive  pulse  formed  at  the  plate  of  V316B  was 
capacitativcly  coupled  to  the  grid  of  V315B,  which 
was  normally  biased  beyond  cutoff.  V315  now  con¬ 
ducted,  short-circuiting  the  cathode  of  the  cathode- 
ray  tube  to  ground,  and  thereby  putting  a  bright 
mark  on  the  face  of  the  cathode-ray  tube. 

The  bearing  blanking  of  the  range  mark  was  posi¬ 
tioned  by  means  of  a  pulse  derived  from  the  output 
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of  the  phase  shifter  in  the  indicator  box,  which  was 
powered  by  the  two-phase  power  amplifier  V3 12.  The 
output  of  the  oscillator  was  attenuated  by  R403  and 
split  into  two  phases  by  the  bridge  network  C335, 
R372,  R373,  R371,  and  C336,  in  the  same  fashion  in 
which  the  phases  were  split  in  the  sweep  power  am¬ 
plifier.  Each  phase  was  amplified  by  one  half  of  V312, 
so  that  sufficient  power  was  given  to  energize  the 
stator  windings  in  the  phase  shifter  in  the  indicator 
box.  The  rotor  of  the  phase  shifter  in  the  indicator 
box  was  connected  to  the  rectifier  bridge  formed  by 
R400  and  R401  and  the  varistor  rectifier  CR302.  This 
full-wave  rectifier  was  unbalanced  by  the  capacitor 
C340,  so  that  the  output,  which  was  always  negative, 
instantaneously  rose  to  zero  volts  only  once  during  a 
cycle  of  the  switching  pulse.  As  the  phase  shifter  was 
rotated,  the  phase  of  the  voltage  out  of  the  rotor  was 
lagged  smoothly.  Thus  the  instant  of  time  at  which 
the  output  from  this  unbalanced  rectifier  reached 
zero  was  delayed  from  the  start  of  the  switching  pulse 
cycle  by  the  fraction  of  a  cycle  equal  to  the  rotation 
from  its  zero  position  of  the  bug  dial  on  the  indicator 
box.  Thus,  this  time  of  zero  bias  always  occurred 
when  the  spot  that  was  sweeping  over  the  face  of  the 
cathode-ray  tube  to  form  the  sweep  spiral  was  di¬ 
rectly  under  the  cursor.  The  grid  of  V315A  was  be¬ 
yond  cutoff  by  virtue  of  the  negative  output  of  this 
full-wave  rectifier,  except  during  the  short  interval 
of  about  1/12  of  a  switching  frequency  cycle.  During 
this  cycle  the  output  rose  to  zero,  at  which  time  the 
tube  conducted  and  the  plate  became  negative.  This 
square  pulse  was  capacitively  coupled  to  the  grid  of 
V315B,  where  it  cut  off  V315B  at  the  proper  time  to 
blank  the  range  mark  under  the  cursor.  It  was  also 
attenuated  and  differentiated  to  put  a  continuously 
repeating  sharp  pulse  on  the  grid  of  the  trip  tube. 

The  oscillator  consisted  of  a  voltage  amplifier  tube 
V307,  a  regulator  tube  V306,  a  pair  of  cathode  fol¬ 
lower  current  amplifiers  V308,  and  a  resistance  tube 
V309,  with  a  phase-lead  phase-shifting  circuit  and  a 
low-pass  output  filter.  The  phase-shifting  network 
formed  by  C320  and  the  resistance  tube,  C319  and 
R350,  and  C318  and  R349,  shifted  the  phase  of  the 
switching  frequency  through  180  degrees,  and  there¬ 
by  attenuated  it.  V307  amplified  the  shifted  signal  to 
its  former  level  and  inverted  the  phase  so  that  the 
signal  was  in  phase  with  the  input  to  the  phase-shift¬ 
ing  line.  The  frequency  at  which  the  phase  shift  was 
exactly  180  degrees  was  determined  by  the  a-c  resist¬ 
ance  between  the  junction  of  C320  and  C319  and 


ground.  This  resistance  was  the  internal  or  plate 
resistance  of  V309A  which  changed  with  the  cathode 
potential  of  this  tube.  Thus,  a  very  small  change  in 
the  potential  of  the  grid  of  V309B  made  a  large 
change  in  the  potential  of  the  cathode  of  V309A,  a 
large  change  in  the  a-c  resistance  between  capacitors 
C320  and  C319  and  ground,  and  a  large  change  in 
the  frequency  of  the  oscillator.  The  discriminator 
circuit  in  the  rotor  produced  a  positive  or  a  negative 
voltage  depending  upon  whether  the  switching  pulse 
left  the  switching  line  before  or  after  the  next  switch¬ 
ing  pulse  started  down  the  line.  This  discriminator 
circuit  thus  controlled  the  switching  frequency  by 
controlling  the  bias  of  V309B.  The  potentiometer 
R355  controlled  the  potential  of  the  cathode  of 
V309B,  and  was  used  to  center  the  discriminator  out¬ 
put  to  ±0.1  volt  at  the  proper  frequency  when  the 
system  was  initially  set  up,  or  when  it  was  necessary  to 
change  tube  V309.  The  filter  formed  by  L301,  L302, 
and  the  three  capacitors  prevented  the  distorted  por¬ 
tion  of  the  oscillator  wave  from  reaching  the  rest  of 
the  circuits. 

The  output  of  the  oscillator  was  coupled  to  the 
grid  of  V314.  This  6V6  was  an  ordinary  power  ampli¬ 
fier  and  was  transformer-coupled  to  the  terminal  No. 
48  from  which  the  switching  pulse  was  led  to  the 
rotor.61'02  To  protect  the  varistors  in  the  rotor  dur¬ 
ing  transmission  this  pulse  was  blanked;  that  is,  it 
was  not  sent  to  the  rotor  during  the  time  that  the 
cathode-ray  tube  was  blanked.  This  was  accomplished 
by  means  of  V313  which  was  biased  beyond  cutoff, 
except  during  the  blanking  pulse,  at  which  time  the 
two  triodes  acted  as  a  short  circuit  from  the  grid  of 
V314  to  ground. 

The  transmitted  pulse  or  ping  length  was  deter¬ 
mined  in  the  transmitter  chassis.  (See  Figure  112.) 
The  blanking  pulse  from  the  SRO  chassis  was  intro¬ 
duced  to  the  transmitter  chassis  at  terminal  21,  caus¬ 
ing  the  6V6  tube  V201  to  conduct  and  operate  the 
d-p  d-t  relay  shown  in  the  lower  right  corner  of  the 
rotor  schematic  in  Figure  124.  This  relay  grounded 
terminal  50,  causing  the  tube  V202,  which  was  con¬ 
nected  as  a  “flip-flop,”  or  multivibrator,  to  send  a 
square  pulse  to  the  grid  of  the  first  half  of  V207, 
which  keyed  the  oscillator.  The  square  pulse  out  of 
V202  had  a  length  of  approximately  3  milliseconds, 
the  time  for  1  cycle  of  the  sweep.  The  length  of  this 
pulse  was  determined  by  the  adjustment  of  the  1/10- 
megohm  potentiometer  between  the  grid  and  cath¬ 
ode  of  the  second  half  of  V202.  The  send-receive 
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Fic.trk  12-1.  Circuit  diagram  of  varistor  rotor  for  sub¬ 
marine  ER  sonar.  Model  1A. 


relay,  at  the  same  time  that  it  actuated  the  transmit¬ 
ter  multivibrator,  switched  the  projector  from  receiv¬ 
ing  to  transmitting. 

The  second  submarine  system  which  was  built  dif¬ 
fered  sufficiently  from  the  first  to  be  called  Model  2. 
Its  sweep  and  timing  circuits  arc  shown  in  circuit 
diagram.  Figure  125.  The  send-reccive  networks  are 
described  earlier  in  this  chapter.  No  change  was  made 
in  the  ping  timing  circuits.  The  sweep  timing  and 
range  determination  circuits  were  substantially  the 
same,  except  that  the  mechanical  timer  used  in 
Model  1  was  replaced  by  an  electronic  timer  in 
Model  2.,i:i  A  circuit  diagram  of  the  electronic  timer, 
which  developed  as  a  logical  outgrowth  of  the  range 
marking  circuit,  is  given  in  Figure  126/'7 

The  linearly  expanding  voltage  of  the  range¬ 
marking  circuits  was  used  to  modulate  the  circular 
sweep,  to  get  the  spiral  sweep,  and  to  determine  the 
sweep  interval.  This  was  done  by  attaching  a  poten¬ 
tial  divider  to  the  expanding  voltage  output  in  the 
range-marking  circuit.  The  potential  at  the  tap  of 
this  divider,  the  control  point,  then  rose  to  a  given 
value  which  was  equal  to,  was  2/5  of,  or  was  1/5  of, 
the  potential  to  which  the  expanding  sweep  in  the 
range-marking  circuit  had  risen.  The  potential  to 
which  the  control  point  rose  was  determined  by  a 
multivibrator  circuit  which  generated  the  blanking 
pulse.  The  sweep  of  the  control  point  was  used  di¬ 
rectly  to  drive  the  grids  in  the  sweep  amplifier. 

By  December  30,  1914,  this  circuit  had  been  in¬ 
corporated  into  the  Model  2  SRO  chassis.  The  prin¬ 


cipal  modifications  were  that  the  average  potential  of 
the  sweep  output  was  lowered  by  means  of  a  voltage 
divider  between  B+  and  C-,  and  two  blanking 
pulses  had  been  incorporated.  One  of  the  blanking 
pulses  was  used  to  reset  the  sweeping  circuit  and  was 
about  20  milliseconds  long.  The  other  blanking 
pulse,  about  40  milliseconds  long,  was  applied  to  the 
cathode  for  blanking  of  the  PPI  display,  so  that  the 
switching  transients  were  allowed  to  die  out  com¬ 
pletely  before  the  display  restarted.  The  two  pulses 
started  at  the  same  time. 

The  operation  of  this  interval  timer  can  be  under¬ 
stood  most  readily  by  following  it  through  a  complete 
cycle.  As  the  end  of  the  sweep  was  reached,  grid  No.  1 
of  V317B  became  sufficiently  positive  so  that  this  tube 
began  to  conduct.  This  drove  the  grid  of  tube  V317A 
negative,  cutting  off  this  tube  and  putting  a  sharp 
positive  pulse  on  the  grid  of  V305A.  V317B  con¬ 
tinued  to  conduct  until  capacitor  C301  had  dis¬ 
charged  through  resistor  R325  sufficiently  so  that 
V317A  again  began  to  conduct.  As  V317A  started  to 
conduct  its  cathode  became  positive,  thus  cutting  off 
V317B  and  restoring  the  current  to  V317A.  This 
operation  took  about  40  milliseconds  and  produced 
a  square-top  blanking  pulse  which  V305A  applied  to 
the  cathode  of  the  cathode-ray  tube.  When  the  plate 
of  V317B  went  negative,  the  pulse  was  differentiated 
by  the  capacitor  C3I0  and  resistor  R361,  cutting  the 
tube  V305B  off  for  about  20  milliseconds.  This 
caused  the  grid  of  V310B  to  be  made  positive  for  20 
milliseconds.  During  the  time  that  V310B  conducted, 
the  inductor  L303  and  the  plate  resistance  of  tube 
V310B  determined  the  discharge  characteristic  of 
capacitor  C328,  which  was  the  sweep  capacitor.  Thus, 
the  sweep  capacitor  was  completely  discharged  and 
the  circuit  returned  to  equilibrium  by  the  cncl  of  the 
20-millisecond  period.  Meanwhile,  the  grids  of  the 
sweep  amplifier  tube  V301  had  been  returned  to 
their  starting  potential  because  they  were  connected 
to  the  sweep  capacitor  through  the  potentiometer 
R33 1  and  the  relays  K302  and  K303. 

The  voltage  across  R362,  and  hence  the  current 
through  it,  was  held  constant  by  the  tubes  V310A 
and  V31  IB.  The  linearity  control  R304  was  adjusted 
so  that  the  positive  feedback  front  tube  V311B  to 
V310A  was  sufficient  to  make  the  pair  of  tubes  meta- 
stablc.  This  adjustment  insured  constant  current 
into  capacitor  C328  and,  hence,  a  linear  sweep. 

If  the  relay  K303  was  actuated,  the  control  point 
on  the  potential  reducing  bleeder  was  connected 
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Figure  125.  Circuit  diagram  of  sweep,  range,  oscillator  and  pulse  generator  chassis  for  submarine  ER  sonar,  Model  2. 


directly  to  the  sweep  capacitor.  Hence,  the  control 
point  was  swept  at  the  full  expanding  rate  and 
reached  the  tripping  voltage  of  V317B  after  a  time 


corresponding  to  600  yards.  If  neither  relay  was  actu¬ 
ated,  the  resistors  R301  and  R302  and  the  potential 
reducing  bleeder  formed  a  voltage-dividing  network 
so  that  the  control  point  rose  at  only  %  of  the  ex¬ 
panding  rate.  Hence,  it  took  2i/2  times  as  long  to 
reach  the  tripping  point  of  V317B.  This  gave  a 
range  of  1,500  yards.  In  a  similar  manner,  the  maxi¬ 
mum  range  was  3,000  yards  when  relay  K302  was 
actuated. 

7.8.8  §weep  Linearization  and  Stabilization 

There  are  two  fundamental  methods  of  obtaining 
a  linear  spiral  sweep.  One  method  is  to  use  a  linearly 
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expanding  sweep  to  operate  a  linear  modulator.  The 
other  method  is  to  use  a  nonlinear  expanding  sweep 
with  a  nonlinear  modulator  whose  characteristics 
compensate  for  the  nonlinearity  of  the  expansion 
voltage  generator.  A  linear  sweep  with  linear  ex¬ 
pander  was  used  in  the  submarine  ER  sonar.  Model 
2.  (An  analysis  of  the  method  used  to  achieve  the 
linearly  expanding  voltage  is  given  in  reference  57.) 
A  linear  sweep  may  be  approximated  by  using  a  small 
fraction  of  an  exponential  sweep.  There  arc  several 
ways  of  doing  this.  One  method  is  to  charge  the  sweep 
capacitor  to  only  a  very  small  fraction  of  the  source 
voltage.  The  other  methods  rely  upon  creating  an 
apparent  source  whose  voltage  is  much  higher  than 
the  actual  source  voltage,  as,  for  example,  by  the  use 
of  a  pentode  “constant  current”  tube.  The  character¬ 
istic  of  most  electronic  expanders  contains  some  re¬ 
gion  such  that,  when  operated  by  a  reasonably  small 
portion  of  an  exponential  expanding  voltage,  they 
give  a  reasonably  linear  characteristic.  The  early  ER 
sweeps  all  used  this  type  of  compensation. 

A  linear  sweep  cotdcl  be  obtained  by  using  a  coun¬ 
ter  to  actuate  some  sort  of  stepping  device  to  move 
the  circular  sweep  out  just  one  step  for  each  cycle  of 
the  counter. 

The  greatest  obstacle  to  sweep  linearization  has 
been  the  transient  which  accompanies  the  return  of 
the  sweep  to  the  center.  The  time  for  recovery  of 
normal  sweep  display  was  about  GO  milliseconds  with 
the  synchro  generator  used  in  the  60-cycle  system. 
The  potentiomctric  coupling  used  in  the  expander 
of  subsequent  systems  was  incorporated  to  reduce 
this  recovery  time,  as  was  also  the  tuning  or  low-fre¬ 
quency  by-passing  of  the  driver  tube  following  the 
expander. 

Sweeps  must  be  stabilized  so  that  they  arc  inde¬ 
pendent  of  slow  and  rapid  changes  in  supply  volt¬ 
age,  frequency,  and  waveform  of  the  power  supply; 
of  slow  and  fast  changes  in  temperature  and  humid¬ 
ity;  of  aging  of  components;  and  of  other  factors, 
such  as  the  polarization  of  the  dielectric  in  the  sweep 
capacitors.  Timing  can  be  stabilized  with  respect  to 
all  these  factors,  except  power  supply  frequency,  by 
using  a  synchronous  motor.  The  sweep  and  timing 
functions  may  be  stabilized  against  changes  in  power 
supply  voltage  and/or  waveform  by  using  voltage 
regulation  for  all  of  the  components.  The  sweep  and 
timing  may  be  made  independent  of  age  and  change 
of  components  by  making  the  timing  dependent 
solely  upon  elements  which  are  stable. 


Independence  of  the  supply  voltage  is  achieved  by 
making  the  time  interval  measurement  and  time  rate 
measurement  both  from  the  same  power  supply.  In 
this  case,  the  time  constants  in  the  filter  supply  must 
be  of  the  same  order  as  the  longest  intervals  in  any 
variational  time  sequence,  so  that  transients  are  re¬ 
moved  by  integration.  When  it  is  necessary  to  depend 
upon  two  or  more  supplies  then  time  constants  must 
be  identical,  so  that  sharp  transients  in  the  power 
supply  have  identical  effects  upon  the  supplies.  A 
variation  of  this  scheme  is  used  to  compensate  the 
extent  of  the  sweep  display  for  changes  in  power 
supply  voltage. 

Oscillator  amplitude,  expanding  voltage  ampli¬ 
tude,  or  modulator  output  is  increased  as  the  power 
supply  voltage  increases,  so  that  the  increased  stiff¬ 
ness  of  the  beam  of  the  cathode-ray  tithe  keeps  the 
limit  of  the  sweep  display  constant,  as  the  voltage 
upon  the  anodes  of  the  cathode-ray  tube  is  increased. 

For  the  bearing  of  the  display  to  be  independent 
of  range,  it  is  usually  necessary  to  have  well  regulated 
supplies.r,2'r’l’r"r’'n''’’'i7' 

7  8  9  Sweep  Calibration 

File  method  of  sweep  calibration  for  the  subma¬ 
rine  ER  sonar  Model  2  is  given  in  Chapter  8.  Model 
1  required  a  less  extensive  calibration  method  be¬ 
cause  the  6.3-volt  timer  used  to  generate  the  sweep 
ran  accurately  at  16  rpm  from  any  supply  voltage  of 
8/10  volt  to  8  volts  provided  that  the  supply  fre¬ 
quency  was  exactly  60  c.  This  calibration  procedure 
is  given  in  the  instruction  manual158  and  may  be 
described  briefly  here. 

A  range-calibrating  switch  on  the  SRO  chassis 
allowed  the  operator  to  connect  the  contacts  of  the 
mechanical  timer  to  the  sweep  circuit  so  that  the 
sweep  was  displaced  at  0.75-seconcl  intervals  equiva¬ 
lent  to  600-yard  intervals  in  range.  These  displaced 
points  could  be  readily  located  by  the  range  marker 
with  the  sweep  on  the  3,000-yard  range  scale,  and 
their  position  read  on  the  range  dial.  Thus  a  measure 
of  the  linearity  of  the  range  marker  scale  could  be 
obtained,  while  a  calibration  of  the  scale  could  be 
made  from  the  fact  that  the  first  displaced  point 
should  occur  at  590  yards,  the  second  at  1,190  yards, 
and  so  on  at  600-yard  intervals.  The  10-yard  (12.5- 
millisccond)  discrepancy  in  the  range  of  the  first 
mark  represents  the  time  lag  between  the  action  of 
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the  timer  and  the  occurrence  of  the  ping  itself.  Con¬ 
trols  were  provided  on  the  SRO  chassis  for  adjusting 
the  linearity  and  rate  of  the  range  marker  circuit, 
while  a  zero  setting  screw  was  provided  on  the  range 
dial  in  the  indicator  unit. 

In  the  development  of  the  range  determination 
system  for  the  submarine  sonar  systems,  a  chemical 
recorder  was  used  for  calibration  purposes. 

The  considerations  for  oscillator  stability  are  fun¬ 
damentally  the  same  as  those  for  sweep  stability.68 


The  oscillator  to  be  stabilized  is  that  which  generates 
the  circular  part  of  the  spiral  sweep.  It  must  be  stabil¬ 
ized  not  only  in  frequency,  but  also  in  phase.  Locking 
of  the  phase  of  the  display  to  the  bearing  of  the  scan¬ 
ning  beam  is  achieved  by  using  a  single  oscillator  for 
both.  It  has  been  found  advisable  to  use  a  closed  cycle 
system  to  lock  the  frequency  of  the  oscillator  to  the 
rotating  member.  The  discriminator  circuit  de¬ 
scribed  above  was  developed  to  perform  this 
function. 
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TRANSDUCER  TEST  METHODS 
AND  TECHNIQUES 

i  I'AiLKi)  test  methods  and  techniques  are  de¬ 
scribed  in  various  sections  of  the  report  on 
transducers.1  These  sections  also  include  a  descrip¬ 
tion  of  the  application  of  these  methods  to  scanning 
sonar  transducers. 

8,1,1  Transducers  to  be  Tested 

The  various  types  of  scanning  sonar  transducers 
have  been  described  in  earlier  sections  of  this  report 
and  elsewhere.1  They  fall  into  three  classifications: 

1.  The  plane  type  of  transducer  used  in  reception 
in  the  mechanically  rotated  [MR]  scanning  system. 

2.  The  cylindrical  type  of  transducer,  sometimes 
called  ring  stack  or  ring  emitter,  used  for  transmission 
in  MR  sonar  and  in  one  model  of  electronically  ro¬ 
tated  [ER]  sonar. 

3.  The  multielement  cylindrical  type  of  transducer 
used  for  both  transmission  and  reception  in  com¬ 
mutated  rotation  [CR]  and  ER  sonar,  both  of  which 
make  use  of  auxiliary  devices  to  obtain  rotation  of 
the  receiving  beam  of  sensitivity  while  the  transducer 
remains  stationary. 

812  Basic  Transducer  Tests 

All  types  of  scanning  sonar  transducers  should  un¬ 
dergo  some  preliminary  tests  to  determine  their  char¬ 
acteristics  and  their  efficiency  for  scanning  applica¬ 
tion.  Basic  measurements  that  should  be  made  for 
MR  sonar  receiving  transducers  arc: 

1.  Reception  patterns  taken  both  in  the  vertical 
and  horizontal  planes. 

2.  Sensitivity  measurements  of  the  transducer. 

3.  Impedance  measurements  of  the  transducer. 

Measurements  which  should  be  made  on  the  trans¬ 
mitting  transducer  for  MR  sonar  application  arc: 

1.  Transmission  patterns  taken  in  both  the  verti¬ 
cal  and  horizontal  planes. 

2.  Sensitivity  measurements  of  the  transducer  as  a 
hydrophone. 

3.  Impedance  measurements  of  the  transducer. 


4.  Output-acoustic-power  versus  input-power  meas¬ 
urements  at  the  operating  frequency  of  the  trans¬ 
ducer. 

Basic  measurements  that  should  be  made  on  multi¬ 
element  cylindrical  transducers  for  use  in  systems  in 
which  the  transducer  is  stationary  and  has  a  rotatable 
sensitivity  pattern  arc: 

1.  Reception  patterns  on  single  elements,  taken 
both  in  the  vertical  and  horizontal  planes. 

2.  Reception  patterns  of  the  transducer  with  all  or 
a  portion  of  the  elements  connected  in  parallel,  taken 
both  in  the  vertical  and  horizontal  planes. 

3.  Phase-difference  measurements  among  the  vari¬ 
ous  elements  with  the  cylindrical  axis  of  the  trans¬ 
ducer  vertical— that  is,  in  the  same  position  as  that 
used  for  taking  patterns  in  the  plane  to  be  scanned. 

4.  Sensitivity  measurements  of  each  element  over 
sonar  frequency  range. 

5.  Sensitivity  measurements  of  the  transducer  as  a 
whole,  with  transducer  elements— either  all  or  a  por¬ 
tion  of  them— connected  in  parallel. 

6.  Impedance  measurements  of  each  element. 

7.  Transmission  pattern  of  the  transducer  as  a 
whole  in  the  horizontal  and  vertical  planes,  with  all 
or  a  portion  of  the  elements  connected  in  parallel. 

8.  Output-power  versus  input-power  measure¬ 
ments  at  the  operating  frequency  of  the  transducer. 

8,1,8  Results  of  Transducer  Tests 

The  data  obtained  from  the  basic  tests  on  a  scan¬ 
ning  sonar  transducer  are  used  in  several  specific  ways 
to  evaluate  the  transducer  for  scanning. 

1.  Patterns  are  used  to  test  uniformity  among  the 
various  elements  of  a  multielement  transducer,  to  de¬ 
termine  the  effective  baffling  of  the  elements  for  com¬ 
putation  of  beam-forming  lag  lines  (sec  Chapter  9), 
and  to  determine  the  characteristics  of  the  trans¬ 
mitted  beam  of  sound.  For  MR  sonar,  patterns  are 
used  to  determine  the  receiving  beam  of  sensitivity. 

2.  Sensitivity  data  arc  used  to  test  uniformity 
among  the  various  elements  of  a  multielement  trans¬ 
ducer,  to  determine  the  optimum  frequency  of  opera¬ 
tion,  to  compute  the  mechanical  ()  and  to  compute 
the  efficiency  of  the  transducer. 
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3.  Phase  measurements  are  used  to  test  phase  uni¬ 
formity  among  the  various  elements  of  a  multiele¬ 
ment  transducer,  and  to  compute  the  phasing  re¬ 
quirements  in  the  lag  line  used  for  forming  a  suitable 
beam  of  sensitivity. 

4.  Impedance  (or  admittance)  measurements  are 
used  to  compute  the  efficiency  of  the  transducer,  to 
determine  the  resonant  frequency,  to  compute  the 
mechanical  Q  (with  and  without  inclusion  of  the 
transducer-core  losses),  and  to  determine  uniformity 
among  the  various  elements. 

5.  Measurements  of  acoustic-power  output  and 
electric-power  input  are  used  in  the  computation  of 
the  efficiency  of  the  transducer. 

6.  Measurements,  in  water  at  a  suitable  test  sta¬ 
tion,  of  impedance  (or  admittance)  for  each  stave 
at  the  resonant  frequency,  and  also  at  a  frequency 
where  the  motional  impedance  is  negligible,  are  used 
to  check  uniformity  among  the  elements  and  to  check 
the  effect  of  assembly,  as  well  as  to  determine  the  sen¬ 
sitivity  of  each  stave  at  the  operating  frequency.  The 
reception  pattern  of  all  elements  in  parallel  at  the 
operating  frequency  is  used  to  check  the  transmitting 
measurements  under  this  condition. 

For  multielement  transducers,  the  electrical  im¬ 
pedance,  sensitivity,  and  reception  patterns  of  the 
various  staves  must  fall  within  a  suitable  tolerance 
established  from  previous  basic  measurements.  For 
MR  units,  the  leakage  tests  must  be  satisfactory,  the 
transmission  pattern  must  be  uniform  within  a  toler¬ 
ance  set  by  basic  measurements,  and  the  receiving 
transducer  must  have  a  suitable  pattern  defined  by 
basic  measurements. 

Specific  means  for  carrying  out  these  tests  are,  of 
course,  dependent  on  the  design  of  the  transducer,  its 
mechanical  shape  and  size,  and  the  purpose  for  which 
it  is  intended.  Various  devices  may  be  used  to  speed 
up  accumulation  of  data,  such  as  automatic  pattern 
plotters,  sensitivity  meters,  etc.  Such  instruments 
should  be  selected  according  to  the  particular  trans¬ 
ducer  to  be  tested,  and  specific  routines  worked  out 
for  their  use. 

8-M  Production  Testing  of  Sonar 
Transducers 

Production  testing  of  a  transducer  involves  a  set  of 
tests  to  evaluate  the  transducer  in  a  minimum  of  time 
and  with  a  minimum  of  effort.  The  entire  set  of  basic 
tests  previously  described  cannot  be  used  as  a  series  of 


production  tests.  Furthermore,  additional  tests 
should  be  made  during  the  process  of  assembly.  A 
specific  routine  must  be  worked  out  for  any  particular 
unit,  but  certain  general  tests  are  suggested  to  assure 
proper  operation  of  the  transducer. 

Tests  prior  to  complete  assembly  should  include: 

1.  Strength  tests  on  all  load-carrying  parts. 

2.  Spot  checks  on  dimensions. 

3.  Leakage  tests  on  completed  castings. 

4.  Careful  inspection  of  magnetostrictive  lamina¬ 
tions  and  of  the  consolidation  process  of  these  lamina¬ 
tions,  and  some  simple  tests  on  uniformity  of  the  re¬ 
sultant  staves  and  on  uniformity  of  electrical  char¬ 
acteristics. 

Tests  following  the  assembly  should  include: 

1.  Spot  checks  on  placement  of  staves  during  as¬ 
sembly  and  after  assembly. 

2.  Leakage  test  on  completed  unit. 

»2  COMMUTATOR  TESTS 

Since  the  commutator  is  such  a  vital  part  of  a  scan¬ 
ning  sonar  system,  it  is  very  important  that  it  be  ade¬ 
quately  tested.  The  individual  components  entering 
into  its  construction  should  be  tested  before  assembly, 
as  should  each  subassembly,  and  the  complete  com¬ 
mutator  tested  for  satisfactory  operation.  These  state¬ 
ments  apply  equally  to  both  CR  and  ER  types.  Be¬ 
cause  of  the  considerable  differences  between  these 
two  systems,  the  subassembly  and  overall  tests  are 
discussed  separately. 

8-21  Component  Tests 

Much  trouble  in  later  stages  of  construction  can  be 
avoided  by  testing  each  component  before  assembly. 
Undesired  phase  shift,  for  example,  in  just  one  input 
transformer  may  lead  to  poor  beam-pattern  forma¬ 
tion  over  a  considerable  sector. 

Input-Transformer  Measurements 

Quantities  of  interest  are  turns  ratio  (or  impedance 
ratio),  input  impedance,  phase-shift  characteristics, 
and  in  some  cases,  an  insulation  breakdown  test  and 
tests  of  the  accuracy  of  the  center  tap  location. 

The  turns  ratio  is  considered  as  the  ratio  of  open- 
circuit  voltage  across  the  primary  to  that  across  the 
secondary  measured  at  the  mean  of  the  frequencies 
over  which  the  transformer  is  to  operate.  The  meas¬ 
urement  should  be  made  by  means  of  a  vacuum-tube 
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Figure  1.  Arrangement  for  measuring  turns  ratio. 


voltmeter  with  high-input  impedance  (see  Figure  1). 

The  impedance  ratio  of  the  transformer  may  lie 
considered  as  equal  to  the  square  of  the  turns  ratio,  or 
may  be  determined  more  directly  by  measuring  the 
primary  input  impedance  when  the  secondary  is  ter¬ 
minated  in  its  rated  load  impedance. 

One  method  of  measuring  the  input  impedance  is 
illustrated  in  Figure  2A.  This  method  gives  the  mag¬ 
nitude  of  the  impedance  without  regard  to  the  phase 
angle,  as  does  the  substitution  method  illustrated  in 
Figure  2B.  The  phase  angle  may  be  determined 
with  the  arrangement  shown  in  Figure  20,  in  which 
the  standard  lag  line2  is  adjusted  to  have  phase  shift 
to  match  the  phase  angle  of  the  input  impedance. 
The  slope  of  the  trace  is  proportional  to  the  magni¬ 
tude  of  the  input  impedance.  An  impedance  bridge1 
may  also  be  used. 

Figure  3  illustrates  two  methods  for  measuring 
phase  shift  through  a  transformer.  In  Figure  3A  the 
phase  shift  is  determined  from  the  width  of  the  Lis- 


sajous  ellipse.  In  Figure  3B  the  width  of  the  ellipse 
is  reduced  to  zero  by  compensating  the  phase  shift 
through  the  transformer  with  an  equal  phase  shift  in¬ 
troduced  by  the  standard  lag  line.2  This  arrangement 
is  useful  for  checking  a  large  number  of  transformers 
that  are  supposed  to  be  identical,  and  may  be  modi¬ 
fied  to  use  a  standard  transformer  instead  of  the 
standard  big  line,  as  shown  in  Figure  3C.  Amplitude 
differences  between  the  standard  transformer  chosen 
as  a  reference  and  the  one  under  test  arc  indicated  by 
change  in  the  slope  of  the  line  on  the  oscilloscope. 
Phase  differences  tire  indicated  by  an  elliptical  figure 
rather  than  a  straight  line,  and  limits  may  be  set  for 
the  tolerable  width  of  the  ellipse.  The  oscillator  fre¬ 
quency  may  be  swept  through  any  desired  range 
while  the  observations  arc  being  made. 

In  some  cases  where  balanced  circuits  arc  used,  it  is 
necessary  to  maintain  certain  tolerances  with  regard 
to  the  accuracy  of  the  transformer  center  tap.  The 
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Figure  2.  Arrangements  for  measuring  transformer  input 
impedance. 
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Figure.  3.  Arrangements  for  measuring  phase  shift 
through  a  transformer. 
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R3  WILL  DEPEND  ON 
TOLERANCE  ALLOWED 
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Figure  4.  Arrangement  for  checking  center  tap  accuracy. 


bridge  techniques  illustrated  in  Figure  4  may  be 
used  to  check  the  accuracy  of  the  center  tap.  When 
the  bridge  is  balanced  (Figure  4A),  the  voltmeter 
reads  zero,  and  R1/R>  =  Sj/M  For  production  test¬ 
ing  the  circuit  shown  in  Figure  4B  is  convenient  since 
it  permits  the  setting  of  tolerances. 

In  certain  sonar  applications,  particularly  in  ER 
sonar,  the  insulation  between  the  primary  and  the 
secondary  of  the  input  transformers  may  be  subjected 
to  potential  differences  of  100  or  200  volts  during 
transmission.  It  is  desirable  to  test  the  insulation  of 
such  transformers  at  a  voltage  considerably  in  excess 
of  any  peak  voltages  which  might  occur  in  use,  for 
example,  at  twice  the  rated  voltage  of  the  transformer 
plus  1,000  volts,  and  to  apply  this  voltage  for  a  short 
interval  of  time.  The  use  of  a  high-impedance  d-c 
source  with  a  current-indicating  device  such  as  that 
shown  in  Figure  5  has  been  found  satisfactory. 

Lag-Line  or  Lead-Line  Components 

Toroidal  coils  wound  on  high-permeability  dust 
cores  have  been  used  in  lag  lines  and  lead  lines.  The 
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inductance  of  the  individual  coils  should  be  meas¬ 
ured  at  the  operating  frequency  to  insure  that  the 
desired  tolerance  is  maintained.  The  arrangements 
shown  in  Figure  6  may  be  used  in  making  the  induct¬ 
ance  measurements.  That  given  in  Figure  6A  is  the 
ordinary  (4-meter  circuit  and  depends  upon  the  ad¬ 
justment  of  the  standard  capacitor  to  give  an  ampli¬ 
tude  maximum  in  the  voltmeter  reading.  It  is  not  so 
precise  as  that  of  Figure  6B,  which  depends  on 
phase  indication.  The  d-c  resistance  of  coils  may  be 
determined  by  means  of  an  ordinary  Wheatstone 
bridge. 

The  capacitors  for  lag  lines  and  lead  lines  may  be 
checked  by  means  of  a  capacitance  bridge. 

Resistors  may  be  checked  with  a  Wheatstone 
bridge.  In  experimental  work  the  termination  and 
shading  resistors  are  often  chosen  after  the  lag  line 
has  been  assembled,  as  described  in  the  following 
section. 


8-2-2  Subassembly  Tests  for  Commutator 

After  the  inductors  and  capacitors  for  a  lag  line 
have  been  checked,  the  line  may  be  assembled  in 
breadboard  fashion.  Line  termination  resistors  and 
the  resistors  for  the  shading  networks  must  then  be 
chosen. 

Methods  that  have  been  used  in  determining  the 
proper  termination  resistors  are  shown  in  Figure  7. 
In  Figure  7A  the  voltage  across  successive  points 
along  the  line  is  measured  and  plotted,  and  the 
process  repeated  with  different  values  of  terminating 
resistor  R,  until  no  reflection  at  the  termination  is 
indicated.  A  quicker  method  is  shown  by  Figure  7B 
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Figure  6.  Arrangements  for  determining  coil  inductance. 


CONFIDENTIAL 


390 


TEST  METHODS  AND  TECHNIQUES 


Log  Line 


A 


B 


Adjust  to 
get  no  ref* 
lected  pulse. 


Figure  7.  Arrangements  for  determining  proper  termi¬ 
nating  resistances. 


in  which  reflections  from  the  termination  are  ob¬ 
served  directly.  A  sharp  pulse  is  fed  into  the  input 
end  of  the  line.  If  the  terminating  resistor  docs  not 
have  the  correct  value,  one  or  more  reflected  pulses 
will  be  seen  on  the  cathode-ray  oscillograph  [CRO] 
following  the  initial  pulse.  The  terminating  resist¬ 
ance  should  be  adjusted  until  the  reflected  pulse  has 
zero  or  minimum  amplitude.  Several  reflected  pulses 
of  small  amplitude  are  usually  observed  because  of 
variations  in  impedance  along  the  line.  If  the  correct 
tolerance  of  components  has  been  observed,  these 
pulses  are  of  negligible  amplitude.  The  same  pro¬ 
cedure  may  be  used  to  terminate  the  line  at  the  other 
end.  It  is  not  sufficient  to  assume  that  the  two  resistors 
should  be  of  the  same  value. 


Figure  9.  Arrangement  for  measuring  total  phase  shift 
of  lag  line. 


The  arrangement  shown  in  Figure  7A  gives  a 
check  on  standing  waves  along  the  line.  Figure  8 
shows  a  typical  curve  of  voltage  versus  sections  of  line. 
Irregularities  in  this  curve  are  evidence  of  standing 
waves.  The  total  attenuation  is  also  found  from  this 
measurement. 

The  total  phase  shift  of  the  terminated  line  may  be 
measured  as  shown  in  Figure  9.  The  frequencies  at 
which  the  trace  on  the  scope  is  a  straight  line  are  the 
frequencies  for  which  the  phase  shift  is  a  multiple  of 
180  degrees.  These  frequencies  are  plotted  as  shown 
in  Figure  10,  and  the  total  phase  shift  at  the  design 
frequency  is  read  from  the  curve.  The  plot  should 
be  a  straight  line  through  the  origin.  Accurate  means 
should  be  provided  for  checking  the  frequency  cal¬ 
ibration  of  the  oscillator. 

The  cumulative  phase  shift  through  the  lag  line 
may  be  measured  section  by  section,  with  the  arrange¬ 
ment  shown  in  Figure  11  A.  Measurements  are  car¬ 
ried  beyond  300  degrees  by  simply  adding  360  de¬ 
grees  (or  the  proper  multiple  thereof)  to  the  phase 
angle  as  read  from  the  standard  lag  line.  A  phase¬ 
meter  may  also  be  used,  as  shown  in  Figure  11B,  if 
less  accuracy  can  be  tolerated. 

The  resistors  for  the  shading  network  must  be 
chosen  carefully.  The  correct  value  of  each  resistance 
may  be  calculated  as  described  in  the  section  on  com¬ 
mutators  in  Chapter  6.  The  resistors  Ri  of  Figure  12 
arc  used  during  this  test  to  simulate  the  impedance 
looking  back  into  the  commutator.  When  the  com- 


Figure  10.  Sample  curve  of  total  phase  shift  versus  fre¬ 
quency. 
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Figure  11.  Arrangements  for  measuring  cumulative 
phase  shift. 

mutator  is  finally  assembled,  the  resistors  Rx',  Rx", 
R-2  Ro",  ■  ■  ■  R,,'  and  R,"  are  connected  to  the  rotor 
plates  of  the  commutator  at  points  a,  b,  c,  etc. 

After  these  shading  resistances  have  been  com¬ 
puted,  resistors  having  these  values  are  connected  to 
the  line  as  shown.  The  generator  is  placed  in  series 
with  the  R1  resistor  at  point  a,  and  the  frequency  is 
set  at  the  desired  value.  The  generator  output  is  ad¬ 
justed  until  VM-2  reads  a  convenient  multiple  of 
unity.  The  reading  of  VMX  is  noted.  The  generator 


Ri  =  Secondary  impedance  of  transformer  which 
normally  feeds  Lag  Line. 

Gen.  =  Generator  (low  impedance)  inserted  in  series  with  R, 

Figure  12.  Arrangement  for  experimental  determination 
of  shading  resistor  values. 


R 


R  =  Same  value  as  impedance  of  circuit  to  be  measured. 

R6  «  R 

Figure  13.  Arrangement  for  rapid  check  of  input  imped- 
ance  uniformity. 

is  then  transferred  to  be  in  series  with  the  Rx  resistor 
at  point  b,  and  the  voltmeter  VMX  is  connected  be¬ 
tween  point  b  and  ground.  Ri'  is  adjusted  until  the 
reading  of  VMX  is  the  same  as  the  previous  reading. 
R,  is  then  adjusted  until  VM.,  reads  the  value  com¬ 
puted  for  correct  shading.  If  the  reading  of  VMX  has 
been  disturbed,  R a"  must  be  readjusted,  and  then 
Rx'.  In  this  manner  the  final  correct  value  of  each 
resistor  is  determined. 

The  impedance  of  the  assembled  lag  line  with 
shading  network  at  any  point  may  be  measured  with 
any  of  the  arrangements  shown  in  Figure  2. 

8-2-3  Assembly  Tests  on  CR  Commutators 

After  the  commutator  has  been  assembled,  meas¬ 
urements  of  the  spacing  between  plates  should  be 
made  in  order  to  determine  whether  it  is  the  correct 
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Figure  14.  Arrangement  for  oscilloscopic  observation  of 
commutator  beam  patterns. 
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Fkurk  15.  Arrangement  for  automatic  plotting  of  com¬ 
mutator  beam  patterns. 


value  and  is  uniform  with  rotation.  Thickness  gauges 
may  he  used,  but  measurement  of  capacitance  is  more 
accurate.  Excessive  vibration  should  not  occur  when 
the  commutator  is  brought  up  to  speed. 

After  the  input  transformers  have  been  wired,  tests 
may  be  made  to  check  the  uniformity  of  the  input 
impedances  of  the  different  channels  with  any  of  the 
arrangements  shown  in  Figure  2.  An  arrangement 
that  allows  a  rough  check  to  be  made  very  quickly  is 
shown  in  Figure  18.  If  the  impedance  has  the  desired 
value,  the  meter  reading  will  decrease  by  exactly  f>  db 
when  the  probes  are  applied  to  the  input  terminals. 

Beam  pattern  measurements  arc  perhaps  the  most 
important  of  all  measurements  to  be  made  on  the 
finished  commutator  unit.  Figure  H  shows  a  suitable 
arrangement  for  checking  scanning  beam  patterns 
with  an  oscilloscope  and  a  trainable  artificial  trans¬ 
ducer.  The  latter  device  is  described  in  a  succeeding 
section,  and  instructions  for  use  arc  given  in  an  in¬ 
struction  manual/4  It  comprises  an  “artificial  water” 
(which  is  a  lag  line  tapped  to  give  phase  differences 
corresponding  to  those  in  the  signals  from  the  respec¬ 
tive  elements  of  a  scanning  sonar  transducer  when 
receiving  sound  in  the  water),  a  multipoint  switch  to 
change  the  apparent  direction  of  the  incident  sound, 
and  networks  to  simulate  the  impedances  of  the  ac¬ 
tual  transducer  elements.  The  commutator  is  driven 
at  its  normal  scanning  speed  and  its  output  signal  is 


applied  to  the  vertical  deflection  plates  of  the  CRO. 
A  linear  sweep  is  used,  synchronized  by  the  signal 
from  the  sweep  generator  on  the  commutator.  As  the 
multipoint  switch  is  rotated,  one  step  at  a  time,  the 
beam  pattern  for  each  corresponding  direction  ap¬ 
pears  in  linear  form  on  the  CRO  screen.  Estimates  of 
beam  width  and  the  bearings  of  minor  lobes  are  facili¬ 
tated  by  adjusting  the  sweep  length  to  36  divisions  of 
a  ruled  mask.  The  synchro  on  the  multipoint  switch 
acts  as  a  phase  shifter  for  the  synchronizing  pulse,  and 
keeps  the  pattern  stationary  on  the  CRO  screen.  Tol¬ 
erance  limits  may  be  drawn  on  the  face  of  the  CRO 
for  major  lobe  amplitude  and  width,  and  minor  lobe 
amplitude.  Variations  in  the  patterns  over  the  fre¬ 
quency  range  of  interest  may  be  checked  quickly  by 
changing  the  frequency  of  the  signal  generator. 

This  arrangement  has  been  useful  in  experimental 
work  and  seems  very  well  adapted  for  production 
testing  as  the  beam  patterns  in  each  of  48  directions 
may  be  checked  in  less  than  a  minute.  The  presence 
of  defective  components  or  improper  connections  is 
seen  immediately  from  changes  in  the  beam  pattern, 
and  the  fault  is  quickly  located.  It  is  adaptable  only 
to  a  commutator  that  is  scanning,  but  its  speed  makes 
it  desirable  for  the  testing  of  listening  commutators 
as  well.  I  bis  may  be  done  if  the  drive  motor  assem¬ 
blies  for  scanning  and  listening  commutators  are 
made  interchangeable,  as  has  been  done  in  the  Model 
XQFIA  scanning  sonar. 

When  a  permanent  record  is  desired,  the  CRO  may 
be  replaced  by  a  voltmeter  to  measure  the  signal  out¬ 
put  of  the  commutator.  In  this  case  the  commutator 
is  not  scanning,  but  is  rotated  bv  hand  to  selected 
bearings,  and  the  readings  of  the  voltmeter  are 
plotted  point  by  point.  If  the  position  of  the  rotor  is 
not  easily  adjusted  directly,  it  may  be  controlled 
from  a  synchro  generator  through  the  listening  rotor 


Fk.i'ki.  Hi.  Arrangement  for  phase  anil  voltage  measure¬ 
ments  on  lead  line. 
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servo  drive.  Interchangeability  of  drive  assemblies 
thus  allows  the  beam  patterns  of  a  scanning  commu¬ 
tator  to  be  plotted,  as  well  as  those  of  a  listening 
commutator. 

Point-by-point  plotting  is  tedious  and  tends  to 
obscure  detail  in  the  patterns.  The  patterns  may  be 
plotted  automatically,  preferably  with  a  polar  re¬ 
corder,4  by  using  the  arrangement  shown  in  Figure 
15.  Here  the  turntable  servo  and  the  commutator 
servo  are  both  controlled  from  the  synchro  generator, 
which  may  be  rotated  slowly  by  hand  or  by  a  motor. 
The  smoother  rotation  possible  with  the  motor  re¬ 
sults  in  smoother  and  therefore  more  accurate 
patterns. 

8  2  4  Electronic  Rotor  Tests 

Checking  of  individual  components  for  proper 
value  and  uniformity  may  be  accomplished  by  use  of 
the  methods  previously  described.  Only  tests  on  sub- 
assemblies  and  on  the  completed  rotor  are  discussed 
here. 

Lead-Line  Measurements 

Since  the  transducer  elements  form  the  shunt  legs 
of  the  lead  line,  a  transducer,  either  actual  or  arti¬ 
ficial,  must  be  connected  to  the  lead  line.  Signal  of 
the  operating  frequency  is  introduced  at  one  point 
through  a  high  resistance.  Phase  measurements  at  suc¬ 
cessive  points  may  be  made  with  a  standard  lag  line 
and  CRO  as  shown  in  Figure  16,  and  the  phase  shifts 
for  each  section  may  be  determined  by  taking  differ¬ 
ences.  Alternatively,  a  phasemeter  may  be  used  to 
measure  the  phase  shift  of  each  section  directly.  Am¬ 
plitude  measurements  may  be  made  at  the  same  time 
to  determine  the  attenuation  of  each  section. 

Switching  Lag-Line  Measurements 

Terminations  and  total  and  cumulative  phase 
shifts  of  the  assembled  switching  lag  line  may  be 
measured  by  means  of  arrangements  such  as  those 
already  described  for  beam-forming  lag  lines.  How¬ 
ever,  because  of  the  low  frequencies  involved  (about 
300  c),  the  standard  lag  line  may  not  be  convenient 
for  measuring  the  cumulative  phase  shift,  and  a 
goniometer  technique  may  be  preferable.  Such  an  ar¬ 
rangement  is  illustrated  in  Figure  17.  The  gonio¬ 
meter,  which  may  be  a  2-phase  synchro,  is  adjusted  to 
give  0  degrees  Lissajous  closure  on  the  CRO,  and  the 
phase  shift  is  read  directly  from  its  dial.  Modifications 


Figure  17.  Gonimeter  arrangement  for  phase  measure¬ 
ment. 


using  variable  resistors  have  been  proposed.5  Another 
method  uses  a  CRO  plus  a  decade  capacitor  and  a 
decade  resistor.  The  scope  is  used  to  indicate  only  0 
degrees  or  1 80  degrees  phase  shift.  The  decade  boxes 
are  used  to  produce  a  known  phase  shift  in  the  same 
way  as  a  standard  lag  line.  The  frequency  is  meas¬ 
ured  by  comparison  with  a  standard  oscillator. 

The  proper  operating  frequency  for  the  switching 
lag  line  is  that  at  which  it  has  a  total  phase  shift  of 
exactly  360  degrees.  This  may  readily  be  determined 
with  the  arrangement  shown  in  Figure  9.  As  an  alter¬ 
native  method  the  frequency  control  discriminator 
may  be  connected,  and  its  rectified  output,  measured 
on  a  d-c  voltmeter,  may  be  used  to  indicate  360  de¬ 
grees  total  phase  shift  (assuming  that  the  discrimina¬ 
tor  has  already  been  checked  for  balance). 

Discriminator  Adjustment 

The  following  procedure  may  be  used  in  adjust¬ 
ing  the  discriminator:  the  frequency  supplied  to  the 
switching  lag  line  is  set  to  give  360  degrees  shift  as 
indicated  by  CRO  closure,  and  the  discriminator  bal¬ 
anced  by  means  of  its  balance  potentiometer  at  zero 
output.  The  action  of  the  discriminator  may  then  be 
checked  by  varying  the  switching  frequency  and  ob¬ 
serving  the  discriminator  output  voltage.  Best  dis¬ 
criminator  action,  as  measured  by  volts  output  per 
cycles  per  second  frequency  change,  is  obtained  if  the 
rectifiers  in  the  discriminator  have  a  high  backward 
resistance.  If  varistors  are  used,  they  should  be  se¬ 
lected  on  the  basis  of  this  property.  An  ordinary  ohm- 
meter  may  be  used  for  the  resistance  measurements. 
There  are,  however,  two  varistor  elements  in  each 
mounting  enclosure,  and  since  the  two  may  not  be 
identical  (hence  the  need  for  the  balance  potentio¬ 
meter),  it  is  preferable  to  pick  those  which  show  high 
sensitivity  when  tested  in  an  actual  discriminator 
circuit.  While  an  actual  switching  lag  line  may  be 
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Figire.  18.  Arrangement  for  adjusting  discriminator. 


used  in  adjusting  the  discriminator,  it  is  often  more 
convenient  to  have  a  simpler  line  for  this  purpose. 
Such  a  test  line  may  have  far  fewer  sections,  four  90- 
degree  sections  having  been  found  entirely  adequate 
(see  Figure  18).  It  is  desirable  to  have  the  frequency 
for  360  degrees  phase  shift  of  the  test  line  comparable 
with  that  for  the  switching  lag  line. 

Rotor  Segment  Tests 

In  cases  where  the  electronic  rotor  is  made  up  of  a 
number  of  segments,  each  of  which  contains  a  lead 
line,  a  switching  line,  and  switching  components,  it 
is  desirable  to  hate  special  test  methods  for  a  com¬ 
plete  check  on  the  individual  segment.  Arrangements 
should  be  provided  to  check  the  values  of  the  com¬ 
ponents  and  also  the  correctness  of  the  wiring.  For 
checking  rotor  sectors  of  the  type  used  in  the  subma¬ 
rine  ER  sonar,  a  sonar  switching  test  unit  was  de¬ 
veloped."  This  test  unit  permits: 

1.  Tests  for  shorts  between  atty  terminal  and 
ground. 

2.  A  check  on  the  frequency  at  which  the  circuits 
between  certain  pairs  of  terminals  resonate.  (This  is 
a  check  on  capacitive  and  inductive  components.) 

3.  A  measurement  of  the  modulated  signal  ampli¬ 
tude  obtained  when  the  varistor  is  used  as  a  modula¬ 
tor  to  apply  60-c  modulation  to  a  signal  at  operating 
frequency. 
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SWITCHING 
LAG-LINE 


CRO 


C  IS  ADJUSTED  FOR  STRAIGHT-LINE  TRACE 
THEN  6  =  TAN  '  (-^0,)+"”  "  =  0,1,2 - 

Figi'RK  19.  Arrangement  for  phase-shift  measurement; 
RC  reference. 


4.  A  measurement  of  the  phase  shift  of  each  sec¬ 
tion  of  the  switching  lag  line  at  the  switching  fre¬ 
quency.  The  phase  shift  could  have  been  measured 
with  a  standard  lag  line,  but  in  this  case  it  was  more 
convenient  to  use  an  RC  circuit  as  a  reference,  as 
shown  in  F’igurc  19. 

Tests  on  Completed  Rotor 

Phase  and  amplitude  measurements  may  be  made 
upon  the  lead  line  in  the  completed  rotor,  with  the 
switching  signal  turned  off.  A  signal  is  applied  by 
means  of  an  artificial  or  an  actual  transducer.  The  sig¬ 
nal  amplitude  is  measured  at  each  tap  along  the  lead 
line  by  means  of  a  vacuum-tube  voltmeter.  The 
phase  is  measured  at  each  tap  on  the  lead  line,  rela¬ 
tive  to  any  chosen  tap,  by  means  of  a  phasemeter  or 
by  the  method  utilizing  a  standard  lag  line.  The  cause 
of  any  obvious  inconsistencies  can  then  be  investi¬ 
gated  before  patterns  arc  taken. 

The  beam  pattern  is  observed  on  an  oscilloscope  by 
means  of  the  arrangement  shown  in  Figure  14,  omit¬ 
ting  the  sweep-synchronizing  arrangement  shown 
and  substituting  a  synchronizing  connection  from  the 
switching  oscillator.  Permanent  record  may  be  ob¬ 
tained  by  photographing  the  pattern,  but  direct 
chart  recording  of  the  patterns  with  the  arrangement 
shown  in  figure  15  is  not  possible.  However,  an 
electronic  system  was  devised  which  allowed  the  use 
of  a  portable  polar  chart  recorder  [PPCR]  to  record 
the  patterns  obtained  at  the  high  scanning  speed 
used  in  ER  sonar.  To  do  this,  the  circuit  provides  an 
electronic  gate  which  accepts  a  signal  from  the  rotor 
output  oidy  when  its  scanning  operation  passes 
through  a  certain  limited  bearing  region.  This  bear¬ 
ing  gate  is  then  rotated  slowly  in  synchronism  with 
the  rotation  of  the  turntable  of  the  polar  chart  re¬ 
corder,  and  the  pattern  is  traced  out  as  the  gate 
samples  the  continuously  high-speed  rotating  pat¬ 
tern.  Figure  20  is  a  block  diagram  of  the  circuits  of 
the  ER  sonar  pattern  tracer.  The  device  has  been 
named  the  polar  inverse  exponential  pattern  plotter 
for  ER  sonar  [PEPPER].7 

The  blocks  in  this  diagram  are  labeled  so  that  the 
various  signals  can  be  followed  readily. 

When  varistors  arc  used,  it  is  desirable  to  take  pat¬ 
terns  at  all  azimuth  bearings.  This  is  because  the  am¬ 
plitude  is  affected  by  the  varistors.  It  is  furthermore 
desirable  that  the  varistor  sectors  be  sorted  and  in¬ 
stalled  in  such  an  order  that  those  giving  large  ampli¬ 
tude  and  those  giving  small  amplitude  occur  alter- 
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Figure  20.  Block  diagram  of  polar  inverse  exponential  pattern  plotter  for  ER  sonar. 


nately.  This  arrangement  has  been  found  to  yield 
better  patterns  than  when  all  the  high-amplitude 
sectors  are  grouped  together,  and  all  the  low-ampli¬ 
tude  sectors  are  grouped  together.  In  one  specific 
instance  the  amplitude  variations  of  the  patterns 
were  reduced  from  about  ±  3  db  to  about  ±  li/2  db 
by  the  alternate  arrangement. 

A  background  of  radial  lines  always  appears  on  the 
indicator  if  the  amplifier  gain  is  raised  sufficiently. 
This  background  of  radial  lines  is  due  largely  to  de¬ 
ficiencies  of  the  varistors  as  switching  devices.  An  un¬ 
satisfactory  varistor  is  evidenced  by  a  strong  radial 
line.  Normally,  the  background  is  low  enough  to  per¬ 
mit  satisfactory  operation.  Reducing  the  amplitude 
of  the  switching  pulse  reduces  the  background  noise 
but  also  reduces  the  amplitude  of  the  desired  signal. 
The  use  of  the  artificial  transducer  allows  adjustment 
for  optimum  performance  without  interference 
from  ambient  water  noise. 


8,2  5  Artificial  Transducer 

An  artificial  transducer  is  a  device  that  furnishes 
signals  equivalent  to  those  given  by  an  actual  trans¬ 
ducer  in  water  when  it  receives  a  sound  wave  from  a 
distant  source.  Although  the  actual  source  of  the  elec¬ 
tric  signals  could  be  built  into  the  device,  this  is  usu¬ 
ally  not  done;  rather  a  separate  oscillator  or  signal 
generator  is  used.  The  artificial  transducer  is  there¬ 
fore  a  purely  passive  device  that  produces  a  group  of 
signals  having  the  proper  relative  phases  and  ampli¬ 
tudes  to  simulate  those  from  the  elements  of  an  actual 
transducer  when  fed  by  an  acoustic  signal  in  the 
water. 

Artificial  transducers  have  been  built  to  simulate 
searchlight  sonar  transducers8  as  well  as  scanning 
sonar  transducers,  but  only  the  latter  are  discussed. 
Early  models  of  such  artificial  transducers  were  de¬ 
signed  to  furnish  the  required  signals  at  a  negligibly 
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low  impedance  level;  later  models  included  networks 
which  would  also  simulate  the  generator  internal  im¬ 
pedance  of  the  actual  transducer  elements.0  A  fur¬ 
ther  refinement  was  a  multipole  switch  to  permit  con¬ 
trol  of  the  apparent  direction  of  the  sound  source  in 
integral  steps  equivalent  to  one  transducer  element. 
The  complete  artificial  transducer  then  consists  of 
three  parts: 

1.  Artificial  water. 

2.  Multipole  switch. 

3.  Impedance  network. 

The  order  in  which  the  last  two  parts  are  connected 
is  a  matter  of  wiring  convenience,  since  the  artificial 
water  supplies  signals  to  only  part  of  the  impedance 
network  at  any  time,  whereas  each  element  of  the  lat¬ 
ter  is  connected  at  all  times  to  a  corresponding  input 
circuit  on  the  commutator.  In  one  case,  for  electronic 
rotor  transmitting  tests,  the  impedance  networks 
were  built  up  of  components  capable  of  withstanding 
high  power,  and  this  part  was  used  without  the  arti¬ 
ficial  water  and  multipole  switch. 

Artificial  transducers  have  proved  of  great  value  in 
permitting  tests  to  be  made  in  the  laboratory  of  all 
parts  of  scanning  sonar  systems  except  the  trans¬ 
ducers,  and  it  seems  that  they  should  be  equally  use¬ 
ful  in  production  testing.  A  model  constructed  with 
this  application  in  mind  was  the  trainable  artificial 
HP-5  transducer.  Since  it  contains  all  the  basic  parts 
just  mentioned  it  will  serve  as  an  appropriate  ex¬ 
ample.  In  the  following  description,  the  basic  parts 
are  discussed  in  turn. 

The  Artificial  Water 

The  artificial  water  is  that  portion  of  the  artificial 
transducer  which  introduces  the  required  relative 
phase  shifts  and  attenuations.  While  the  phase-split¬ 
ting  process  could  be  accomplished  in  other  ways,  it 
is  clone  preferably  with  a  multisection  lag  line  tapped 
at  appropriate  points.  This  is  because  a  lag  line  intro¬ 
duces  essentially  constant  time  lags  which  are  inde¬ 
pendent  of  frequency,  just  as  do  the  various  paths 
over  which  the  sound  travels  in  the  water.  A  lag  line 
built  for  one  frequency  may  therefore  be  used  over  a 
range  of  frequencies,  and  the  phase  shifts  introduced 
will  change  just  as  do  those  in  the  outputs  of  an  actual 
transducer.  The  only  parameter  of  importance  in  the 
design  of  the  lag  line  is  therefore  the  size  of  the  trans¬ 
ducer  to  be  simulated. 

In  constructing  the  time-delay  network  or  lag  line, 
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WHERE, 

t  =  DESIGN  FREQUENCY 

B=  PHASE  SHIFT  OF  SECTION 

L  =  INDUCTANCE  OF  ONE  HALF  OF  COIL 

R0=  ZERO  FREQUENCY  IMAGE  IMPEDANCE  OF  LINE 

Eicim  21.  Design  data  for  linear  phase-shift  lag-line 
section. 


it  is  desirable  to  use  a  network  in  which  the  phase 
shift  is  a  linear  function  of  the  frequency.  The  type  of 
section  shown  in  Figure  21  approximates  this  condi¬ 
tion.  In  order  to  avoid  undesired  coupling  between 
sections,  the  coils  for  the  lag  line  may  be  wound  on 
high-permeability  toroid  cores.  Since  the  zero-fre¬ 
quency  image  impedance  of  each  section  should  be 
the  same,  and  since  in  general  the  desired  phase  shift 
per  section  will  vary  from  section  to  section,  the 
same  cutoff  frequency  cannot  be  used  for  all  sections. 
This  offers  no  difficulty  so  long  as  the  cutoff  frequency 
of  any  individual  section  is  kept  well  above  the  oper¬ 
ating  frequency. 

Each  half  of  the  toroidal  winding  must  be  trimmed 
separately.  At  the  present  time  it  is  common  practice 
to  trim  the  coils  and  pick  the  capacitors  within  a  tol¬ 
erance  of  ±  2  per  cent.  If  this  tolerance  is  not  main¬ 
tained,  trouble  may  arise  because  of  the  presence  of 
standing  waves  on  the  line.  The  terminating  resistors 
must  also  be  carefully  chosen  to  avoid  standing  waves. 

Signals  from  taps  are  taken  through  isolating  re¬ 
sistors  to  attenuating  net  works  which  arc  adjusted  to 
introduce  the  required  relative  amplitudes.  The  re¬ 
quired  values  may  be  measured  on  an  actual  trans¬ 
ducer,  or  they  may  be  computed  on  the  basis  of  the 
theoretical  work.  Usual  practice  involves  the  compu¬ 
tation  of  the  pressure-transmission  pattern  of  a  trans¬ 
ducer  element  in  a  pressure-release  baffle,10  although 
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Figure  22.  Wiring  diagram  of  trainable  artificial  HP-5  transducer. 


the  amplitude  ratios  may  be  modified,  if  desired,  to 
simulate  more  closely  those  from  an  actual  trans¬ 
ducer. 

The  isolating  resistors  are  bridged  onto  the  lag  line 
at  appropriate  points  as  shown  in  Figure  22,  the  cir¬ 
cuit  diagram  of  the  trainable  artificial  transducer. 
This  particular  unit  was  designed  to  simulate  a  48- 
element  cylindrical  magnetostriction  transducer  hav¬ 
ing  a  diameter  of  18^4  inches  and  an  operating  fre¬ 
quency  of  25.5  kc.  The  5,000-ohm  potentiometers 
permit  exact  adjustment  of  the  relative  phase,  and 
the  500-ohm  potentiometers  permit  exact  adjustment 
of  the  amplitudes  of  the  individual  signals. 

Two  views  of  the  unit  under  discussion  appear  in 
Figures  23  and  24. 


Multipole  Switch 

The  multipole  switch  is  seen  in  the  center  section 
of  Figure  24.  This  switch  rotates  the  24  output  con¬ 
nections  of  the  artificial  water  to  coincide  with  any 
24  consecutive  output  impedance  networks.  This 
corresponds  to  rotating  the  source  of  sound  around 
the  actual  transducer  in  integral  steps  of  one  trans¬ 
ducer  element,  or  7i/t>  degrees.  Appropriate  dials  are 
provided  to  indicate  the  apparent  direction  of  the 
sound  source,  and  stops  furnished  to  limit  the  rota¬ 
tion  in  order  to  safeguard  connecting  wires.  A  phase- 
shifting  transformer  is  coupled  to  the  switch  shaft  to 
control  the  phase  of  synchronizing  signals  to  a  CRO 
on  which  the  scanning  pattern  is  displayed. 
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Fk.i  rk  23.  Front  view  of  trainable  artificial  Hl’-.r>  trans¬ 
ducer. 

Impedance  N etworks 

Impedance  networks  serve  to  simulate  the  genera¬ 
tor  source  impedance  of  the  individual  transducer 
elements.  This  is  desirable  in  order  that  pattern 
modifications  at  interregister  positions  be  properly 
represented,  particularly  when  two  commutators  arc 
connected  in  parallel.  Output  transformers  arc  used 
in  the  networks  shown  in  Figure  22.  The  use  of  trans¬ 
formers  avoids  the  necessity  of  a  common  ground 
lead  from  the  artificial  transducer  to  the  commutator 
under  test,  and  thus  permits  a  complete  simulation 
of  the  HP-5  transducer,  which  uses  separate  pairs  of 
leads  for  each  element.  The  design  of  suitable  output 
transformers  is  discussed  in  the  instruction  book.3 

Other  networks  may  be  used  to  simulate  the  im¬ 
pedance  of  a  transducer  element,  depending  upon 
the  degree  to  which  the  actual  transducer  is  to  be 
simulated.  (See  Figure  25.)  A  first  approximation  may 
be  made  using  only  a  resistor  across  the  output  termi¬ 
nals,  as  shown  in  Figure  25A.  An  actual  magneto- 
strictive  transducer  element,  however,  has  a  reactive 
component  of  generator  impedance.  Its  impedance 
may  be  simulated  at  a  single  frequency  by  a  simple 
L-li  circuit  as  shown  in  Figure  25B  or  in  Figure  25 
D.  In  some  cases  it  is  desirable  to  simulate  exactly 
the  transducer  output  impedance  over  a  considerable 
range  of  frequencies.  This  can  be  accomplished  by 
using  the  network  shown  in  Figure  25C  which  in¬ 
cludes  all  components  of  the  transducer  impedance, 
including  the  motional  component,  so  that  the  actual 


Ficiirk  24.  Rear  view  of  trainable  artificial  HP-3  trans¬ 
ducer. 


impedance  circle  will  be  obtained  if  the  output  of  an 
element  is  measured.1 1 

Construction  Practice 

Care  must  be  taken  in  the  construction  of  the  arti¬ 
ficial  transducer  to  minimize  the  effects  of  ground 
loops  and  of  electrostatic  and  electromagnetic  coup¬ 
ling.3  Twisted  pair  wiring  should  be  used  wherever 


A  FIRST  APPROXIMATION  B  SECOND  APPROXIMATION 


C  EXACT  REPRESENTATION 


D  TRANSFORMER  — COUPLED  OUTPUT 


Rs»  R 

Figure.  2a.  Networks  that  simulate  generator  impedance 
of  actual  magnetostrictive  transducer  elements. 
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possible.  An  electrostatic  shield  should  be  used  to 
separate  the  lag  line  from  the  attenuation  and  out¬ 
put  circuit. 

After  the  artificial  transducer  has  been  assembled 
and  wired,  the  following  check  should  be  made  to 
determine  whether  excessive  coupling  exists  between 
elements.  A  signal  should  be  applied  to  the  input, 
and  each  attenuator  adjusted  for  maximum  output. 
The  voltage  should  be  read  across  a  pair  of  output 
terminals.  The  corresponding  potentiometer  should 
then  be  set  for  maximum  attenuation  and  the  output 
voltage  again  read.  These  two  readings  should  differ 
by  at  least  40  db.  A  difference  of  less  than  40  db  indi¬ 
cates  undesired  coupling  in  some  part  of  the  circuit. 
Each  element  should  be  checked  in  this  manner.  The 
adjustments  for  phase  and  amplitude  differences  may 
then  be  made. 


*3  TRANSFER  NETWORK  TESTS 
8-3''  General  Description 

The  term  “transfer  network”  is  used  here  to  de¬ 
scribe  the  send-receive  switching  arrangement  which 
was  used  to  switch  the  transducer  connections  from 
the  transmitting  to  the  receiving  circuits  in  the  scan¬ 
ning  sonar  system.  Various  types  of  transfer  networks 
which  were  used  at  one  time  or  another  are  described 
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Figure  26.  Circuit  diagram  o£  transfer  network  of  San- 
gamo  XQHA  scanning  sonar. 


in  previous  chapters.  Two  typical  transfer  networks 
are  shown  in  Figures  26  and  27.  In  general  the  net¬ 
works  utilize  the  following  components: 

1.  Tuning  coil 

2.  Coupling  capacitors  and  blocking  capacitors 

3.  Polarizing  chokes  (used  with  d-c  polarized  trans¬ 
ducers) 

4.  Receiving-matching  transformers 

5.  Switching  or  change-over  relays 

8-3-2  General  Requirements  of  the  Transfer 
Network  Components 

Network  Tuning  Coil 

This  component  was  used  in  transfer  networks  in 
the  following  manner:  in  those  ER  systems  which 
employed  a  crystal  transducer,  the  transducer  ele¬ 
ments  were  connected  in  parallel  during  the  trans¬ 
mitting  periods  and  the  group  series-tuned  by  a  coil. 
In  the  CR  system,  where  the  magnetostriction  trans¬ 
ducer  was  used  mainly,  a  capacitor  was  series-con¬ 
nected  to  each  element  and  these  groups  connected 
in  parallel  during  the  transmitting  period.  As  the 
magnetostrictive  elements  had  a  low  impedance,  the 
tuning  coil  was  placed  in  parallel  with  the  group. 

In  addition  to  having  the  proper  inductance,  the 
coil  was  designed  to  meet  two  other  fundamental  re¬ 
quirements:  first,  to  have  a  sufficiently  high  break¬ 
down-voltage  strength,  and  second,  as  high  a  g  as 

AX  132  RECEIVING  MATCHING 


Figure  27.  Circuit  diagram  of  transfer  network,  ER  sub¬ 
marine  scanning  sonar  system. 
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possible.  To  insure  an  adequate  breakdown-voltage 
strength,  insulation  was  provided  to  avoid  break¬ 
down  between  turns,  between  coil  layers,  or  front  the 
coil  to  its  supporting  structure.  In  order  that  a  mini¬ 
mum  of  power  be  lost  in  the  coil,  its  ratio  of  reactance 
to  resistance  was  made  as  high  as  possible.  This  was 
accomplished  by  the  use  of  Lit/,  wire,  a  judicious 
spacing  of  the  coil  turns,  and  the  use  of  high-perme- 
ability,  low-loss  core  materials.  It  was  found  that  the 
toroidal  type  of  winding  best  suited  the  application. 
Standard  bridge  methods  of  measuring  the  coil  () 
were  used. 

Coupling  or  Tuning  Capacitors 

Mica  capacitors  having  a  ±  2  per  cent  tolerance 
and  a  low  drift  were  used  for  coupling  capac  itors  to 
magnetostriction  transducers.  Their  breakdown 
strength  was  at  least  twice  the  peak  signal  voltage  to 
which  they  were  subjected  in  use,  plus  1,000  volts. 
Their  losses  were  negligible  at  the  signal  frequency. 

Blocking  capacitors  used  in  the  early  transfer  net¬ 
works  to  pass  the  signal  current  and  to  isolate  the  cl-c 
polarizing  current  had  low  reactance  values  at  the 
signal  frequency  in  comparison  with  those  of  the 
other  circuit  elements. 

Polarizing  Choke  Coils 

In  those  CR  systems  which  used  a  d-c  polarized 
transducer,  a  choke  coil  was  necessary  for  each  trans¬ 
ducer  element  to  pass  the  direct  current  and  to  iso¬ 
late  the  signal  from  the  polarizing  current  source. 
These  chokes  had  an  inductance  of  4  to  7  mil  at  the 
current  level  used  and  as  low  a  copper  resistance  as 
possible— in  the  neighborhood  of  1  or  2  ohms.  The 
insulation  breakdown-voltage  was  at  least  twice  the 
peak  voltage  of  the  transmission  signal  as  measured 
on  the  high  side  of  the  choke,  plus  1,000  volts. 


Receiving-Matching  Transformers 

In  the  CR  system,  transformers  were  used  to  match 
the  low  impedance  of  the  individual  transducer  ele¬ 
ment  with  its  parallel  capacitor  to  the  high  imped¬ 
ance  of  the  input  circuit  of  the  capacitive  commuta¬ 
tor.  The  transformers  used  were  of  the  closely 
coupled  type  with  the  windings  placed  on  a  thin 
lamination  core  in  such  a  way  that  the  leakage  in¬ 
ductance  was  at  a  minimum.  Before  installation,  each 
was  tested  for  proper  impedance  ratio,  phase  shift, 
and  d-c  resistance.  When  the  transformers  had  a  cen¬ 
ter  tap  on  one  winding,  this  was  also  checked.  The 
tolerances  were  held  to  1  per  cent. 

In  the  ER  system  with  a  crystal  transducer,  a  trans¬ 
former  was  used  to  match  the  high  impedance  of  the 
crystal  element  to  the  low  impedance  of  the  ER  lead 
line,  so  that  in  effect  the  transformer  and  transducer 
element  became  one  of  the  mid-shunt  elements  on  the 
line.  These  transformers  were  of  the  toroidal-wound 
type  using  high-permeability  dust  cores.  Their  coup¬ 
ling  coefficient  was  somewhat  lower  than  those  used 
in  the  CR  system.  After  fabrication,  each  was  sub¬ 
jected  to  tests  to  check  its  primary  and  secondary  in¬ 
ductance,  coupling  coefficient,  and  winding  Q  at  the 
operating  frequency.  Test  procedures  followed  those 
commonly  used  with  an  impedance  bridge. 

In  addition  to  the  above  tests,  the  phase-shift  and 
voltage-ratio  characteristics  of  these  transformers 
were  checked  in  the  following  manner:  the  primaries 
of  all  the  transformers  to  be  used  in  one  set  were  con¬ 
nected  in  parallel  and  to  a  common  signal  supply. 
One  side  of  all  the  secondaries  was  connected  to  a 
common  ground.  The  voltages  appearing  across  the 
secondaries  were  then  compared  for  phase  and  mag¬ 
nitude  by  means  of  a  CRO.  All  secondary  voltages 
should,  of  course,  be  equal  in  these  two  respects. 
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Figure  30.  Circuit  for  testing  Type  B  contact-relay 

operation. 

Relays 

In  both  the  ER  and  CR  systems,  relays  were  used 
to  effect  the  change-over  of  the  transducer  connec¬ 
tions  from  the  transmitting  to  the  receiving  circuits. 
Relays  may  be  classified  as  having  Type  A,  Type  B, 
or  Type  C  contacts.  Type  A  is  the  name  given  to  a 
pair  of  contacts  which  are  normally  open  when  the 
relay  coil  is  unenergized  and  closed  when  the  relay 
coil  is  energized.  Type  B  is  a  pair  of  contacts  which 
are  normally  closed,  and  open  when  the  relay  coil  is 
energized.  Type  C  is  a  single-pole,  double-throw  type 
of  switch,  having  three  contacts.  When  the  relay  coil 
is  energized,  the  first  and  second  pair  of  contacts  open, 
and  the  second  and  third  contacts  close. 

Each  relay  unit  used  in  a  transfer  network  should 
be  tested  for  contact  resistance,  time  of  opening  and 
closing  of  contacts,  and  sequence  of  contact  opera¬ 
tion.  Contact  resistance  may  be  tested  by  an  ordinary 
ohmmeter.  Figure  28  shows  a  circuit  used  to  deter¬ 
mine  the  closing  time  of  a  Type  A  contact  relay. 
When  the  switch  or  hand-key  .S\  was  closed,  the  bat¬ 
tery  voltage  Eb  was  impressed  across  the  relay  coil  and 
also  across  the  RC  circuit  to  charge  the  capacitor  C. 
The  horizontal  deflection  on  a  CRO  was  propor¬ 
tional  to  the  voltage  on  this  capacitor.  The  Y  axis  in¬ 
put  of  the  CRO  was  connected  through  the  relay  con¬ 
tacts  and  the  resistor  (Ry)  to  the  relay-coil  side  of  the 
key,  Sv 

When  the  relay  contacts  closed,  a  positive  deflec¬ 
tion,  whose  magnitude  depended  upon  the  battery 
voltage  and  the  values  of  Ry  and  R2,  was  applied  to 
the  Y  axis  input  of  the  oscilloscope  (see  Figure  29).  By 
proper  calibration  of  the  deflection  on  the  cathode- 
ray  tube,  the  time  of  closing  of  the  contacts  could  be 
determined. 

The  circuit  shown  in  Figure  30  was  used  to  test  the 


Figure  31.  Circuit  for  testing  Type  C  contact-relay 
operation. 


time  of  opening  of  the  Type  B  contact  relay.  The 
same  procedure  was  used  as  that  described  for  testing 
the  Type  A  contact  relay.  The  trace  on  the  CRO 
screen  was  similar  to  that  shown  in  Figure  29. 

The  procedure  for  testing  the  Type  C  contact  relay 
is  somewhat  more  involved.  The  circuit  used  is  shown 
in  Figure  31.  When  the  switch  was  closed,  the  relay 
coil  was  energized,  and  the  sweep  started  in  the  same 
manner  as  in  the  previous  cases.  After  the  coil  was 
sufficiently  energized,  the  upper  contact  opened,  giv¬ 
ing  a  positive  pulse  to  the  Y  axis  of  the  CRO.  When 
the  lower  contact  closed,  the  Y  axis  of  the  CRO  re¬ 
ceived  a  negative  pulse.  If  Ey  =  £2  and  Ry  =  R2,  the 
trace  on  the  CRO  screen  would  be  similar  to  that 
shown  in  Figure  32.  The  time  required  for  contact 
No.  I  to  open  is  shown  as  Ty,  and  the  time  after  this 
until  contact  No.  2  closed  is  shown  as  T2.  These 
times  were  determined  from  the  time  constant  of  the 
RC  circuit  producing  the  horizontal  deflection. 

To  test  the  sequence  of  operation  of  two  Type  A 
contacts,  the  circuit  shown  in  Figure  33  was  used.  If 
A ,  closed  first,  there  would  be  deflection  in  the  nega¬ 
tive  direction  on  the  oscilloscope  as  shown  in  Figure 
34.  If  A  3  closed  first,  the  pulse  deflection  would  be 
positive,  as  illustrated. 


+[* — 12— *| 


Figure  32.  CRO  trace.  Type  C  contact-relay  operation 
test. 
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Figi  rf  33.  Circuit  for  testing  sequence  of  operation  of 
two  Type  A  contact-relays. 


I'k.oki  35.  Circuit  for  testing  sctpience  of  operation  of 
two  Type  B  contact-relays. 


To  check  the  sequence  of  operation  of  two  Type  B 
contacts,  the  circuit  of  Figure  35  was  used.  After  .S', 
was  closed,  if  /},  opened  before  Bs,  a  positive  pulse 
was  applied  to  the  Y  axis.  If  B.,  opened  before  11  u  a 
negative  pulse  was  applied  to  the  Y  axis.  The  two 
possible  CRO  traces  are  shown  in  Figure  36. 

The  foregoing  discussion  on  the  testing  of  single 
and  double  A,  B,  and  C  types  of  relay  contacts  de¬ 
scribes  only  one  way  to  perform  these  tests.  Another 
method  of  testing  relay  operation  and  time  of  open¬ 
ing  or  closing  of  contacts  made  use  of  a  time  interval 
meter.  The  General  Electric  time  interval  meter 
(Catalogue  No.  80M478G1)  proved  quite  satisfactory 
for  this  purpose. 

8.3.3  Xests  on  Complete  Transfer  Network 

In  testing  the  operation  of  any  scanning  sonar  the 
three  following  items  pertaining  to  the  operation  of 
the  transfer  network  were  measured  or  checked: 

1.  The  power  factor  and  magnitude  of  the  input 
impedance  of  the  transfer  network  as  seen  by  the 
transmitter. 

2.  The  power  input  to,  and  power  output  of,  the 
transfer  network  during  the  transmitting  period,  and 
its  transfer  efficiency. 


1  I _  Az  CLOSED  FIRST 

E,=EZ 
R,  -  Rg 

Figure  34.  CRO  trace,  two  Type  A  contact-relays  se¬ 
quence  of  operation  test. 


3.  The  degree  to  which  the  network  prevented  the 
transmitted  signal  from  entering  the  receiving  cir¬ 
cuits  of  the  commutator  or  being  picked  up  by  them. 

In  the  CR  system  the  following  procedures  were 
used  to  check  the  above  items: 

1.  A  calibrated  scries  resistor  Ru  very  small  com¬ 
pared  to  the  transmitter  load  impedance,  was  inserted 
in  the  line  between  the  point  b  (see  Figure  26)  and 
the  transmitter  output,  and  a  voltage  divider  in  the 
form  of  two  calibrated  resistors,  R.,  and  R:t,  was 
bridged  across  between  the  points  a  and  b.  The 
series  resistance  R.,  and  should  be  at  least  twenty- 
times  the  transmitter  load  impedance,  and  the  ratio 
It.,/ (11,  +  II. ,)  about  one-tenth.  The  voltages  appear¬ 
ing  across  /{,  and  R,  were  applied  to  the  X  and  I'  in¬ 
put  deflection  circuits  of  a  GRO.  From  the  resulting 
Lissajous  figure  (ellipse),  the  power  factor  was  calcu¬ 
lated.  Proper  tuning  is  indicated  when  the  ellipse 
appears  as  a  line  or  nearly  so. 

2.  Proper  calibration  of  the  deflections  of  the  CRO 
allowed  determination  of  the  voltage  across  the  net¬ 
work  input  circuit  and  the  current  into  the  transfer 
network.  The  power  input  was  then  calculated  from 
the  expression  P  =  El  cos  6.  The  transfer  network  in¬ 
put  impedance  was  E/I. 

The  power  input  to  any  transducer  element  was 
found  in  the  same  way,  that  is,  by  bridging  the  volt¬ 
age  divider  across  any  transducer  element  —  for  ex¬ 
ample,  across  the  points  c  and  d  (Figure  26),  and 


B,  OPENED  FIRST 

B2  OPENED  FIRST 


Figure  30.  C.RO  trace,  two  Type  B  contact-relays  se¬ 
quence  of  operation  test. 
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by  inserting  R1  in  series  with  the  element.  Assuming 
uniform  transducer  elements,  the  total  power  output 
of  the  transfer  network  was  that  measured  for  one 
element  times  the  number  of  transducer  elements. 
The  transfer  network  efficiency  is  a  ratio  of  the  power 
output  to  the  power  input.  As  described  elsewhere,1 
the  acoustic  power  delivered  by  the  transducer  may  be 
found  by  means  of  a  calibrated  monitor  hydrophone 
at  a  known  distance;  and  the  efficiency  of  the  trans¬ 
ducer  found  from  the  ratio  of  output  acoustic  power 
to  electric  input  power.  The  efficiency  of  the  transfer 
networks  was  usually  75  per  cent  or  higher,  but  the 
overall  efficiency  of  the  combination  was  between  10 
per  cent  and  40  per  cent  depending  on  the  type  of 
transducer,  crystal  transducers  having  the  higher 
values. 

3.  To  check  the  third  item,  a  high-impedance  volt¬ 
meter  was  connected  across  the  secondary  of  any  one 
of  the  commutator  input  transformers.  The  voltage 
appearing  across  the  secondary  during  the  transmit¬ 
ting  period  indicated  how  effectively  the  receiving 
channels  were  isolated  during  this  period.  No  criteria 
have  been  established  as  to  the  allowable  maximum 
value  of  this  voltage.  Certainly  it  should  be  suffi¬ 
ciently  low  to  prevent  any  sparking  between  the  capa¬ 
citive  commutator  plates  during  the  transmitting 
period. 

In  ER  sonar  the  above  items  were  measured  simi¬ 
larly  except  for  the  transfer  network  output  power. 
Since  the  crystal  elements  had  a  very  high  impedance, 
it  was  not  feasible  to  attempt  to  measure  their  current 
input  experimentally.  The  voltage  across  the  element 
was  determined  by  a  high-resistance  voltage  divider ' 
and  a  calibrated  CRO,  and  the  current  and  power  in¬ 
put  calculated  from  the  known  electric  impedance. 
Figure  27  shows  where  the  resistors  Ru  R2,  and  Rs 
were  connected  to  measure  the  network  input  power. 


Figure  37.  Block  diagram  of  circuit  arrangement  for  ob¬ 
taining  receiving  patterns  in  high-speed  scanning. 


One  other  necessary  check  in  regard  to  the  ER 
sonar  transfer  network  was  to  see  that  all  protective 
neon  tubes  were  conducting  during  the  transmitting 
interval.  An  indication  of  the  uniformity  of  their 
voltage-drops  was  given  by  measuring,  by  means  of  a 
calibrated  CRO,  the  voltages  appearing  across  the 
secondaries  of  the  various  matching  transformers  in 
the  receiving  circuit  during  the  transmitting  interval. 

ACOUSTIC  RECEIVING  PATTERNS 
AND  NOISE  TESTS -COMMUTATOR 
AND  TRANSDUCER 

Because  the  connections  between  the  transfer  net¬ 
work  and  commutator  components  were  so  complex, 
and  because  the  resultant  performance  of  these  two 
components  was  so  dependent  upon  their  mutual  in¬ 
teraction,  it  was  found  desirable  in  the  development 
work  to  test  these  components  together. 

In  testing  the  combination  of  transducer,  transfer 
network,  and  commutator  (or  electronic  rotor),  it  was 
desirable  to  determine  the  following: 

1.  Receiving  beam  patterns  through  the  scanning 
commutator  (or  electronic  rotor)  with  the  sound 
source  in  various  directions  with  respect  to  the  trans¬ 
ducer  (commutator  scanning).  (Figures  37  and  38.) 

2.  Receiving  beam  patterns  through  the  listening 
commutator  as  it  is  rotated,  with  the  sound  source  in 


Figure  38.  ER  scanning  sonar  pattern. 
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Figi'rk  39.  Block  diagram  for  obtaining  receiving  pattern 
with  commutator  hand  driven. 


various  fixed  directions  with  respect  to  the  trans¬ 
ducer.  (Figures  39  and  40.) 

3.  Receiving  beam  patterns  through  the  listening 
commutator  with  the  commutator  in  various  fixed 
orientations  and  the  sound  source  moving  through  a 
succession  of  directions  with  respect  to  the  transducer 
(transducer  rotated).  (Figures  41,  42,  and  43.) 

4.  Sensitivity  as  a  function  of  frecpiency,  in  terms 
of  commutator  output  vs  intensity  of  sound  in  the 
water,  through  scanning  and  listening  commutators. 
(Figure  44.) 

5.  Minimum  detectable  water  signal  for  the  scan¬ 
ning  and  listening  commutators  (or  noise  level). 


POLAR  CHART  RECORDER 


Figure  40.  Block  diagram  of  circuit  connections  to  por¬ 
table  polar  chart  recorder  with  commutator  servo  driven. 


Since  these  measurements  were  all  based  on  the 
use  of  acoustic  signals,  a  testing  station  with  suitably 
calibrated  equipment  was  required,  just  as  it  was  for 
the  acoustic  tests  of  the  transducer  alone.  Since  pat¬ 
tern  measurements  are  involved,  the  pattern  meas¬ 
uring  equipment  needed  for  the  tests  of  the  trans¬ 
ducers  alone  was  also  required.  Figure  numbers  ac¬ 
company  each  of  the  tabulated  items,  and  the  corres¬ 
ponding  figures  illustrate  appropriate  test  arrange¬ 
ments  that  were  found  suitable. 

841  Receiving  Beam  Patterns  with 
Commutator  (or  Rotor)  Scanning 

Following  preliminary  checks  on  the  beam-forming 
and  rotation  equipment,  beam  patterns  were  taken 
on  the  transducer  itself  and  its  associated  commutator 
or  rotor  by  the  transmission  of  an  acoustic  signal 
through  the  water  to  the  transducer,  where  it  was 
picked  up  and  fed  to  the  commutator  or  electronic 
rotor.  The  test  signal  was  produced  by  a  standard 
transmitting  hydrophone.  Equipment  used  in  mak¬ 
ing  these  tests  has  been  described  elsewhere.1 

As  shown  in  Figure  37,  the  electric  output  from  the 
scanning  commutator  (or  ER  rotor)  was  fed  through 
a  flat  amplifier  to  a  cathode-ray  oscilloscope  which 
had  a  linear  sweep.  A  signal  from  the  sweep  generator 
on  the  scanning  commutator  was  used  to  synchronize 
the  linear  sweep  so  that  a  stationary  pattern  could  be 
observed  on  the  scope.  When  the  ER  rotor  was  being 
tested,  the  synchronizing  signal  was  obtained  from 
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Fhji’re  41.  Block  diagram  of  circuit  connections  for  ob¬ 
taining  receiving  patterns  with  transducer  rotated. 
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the  switching  signal  fed  to  the  rotor.  Figure  38  shows 
a  typical  pattern  obtained.  These  pattern  measure¬ 
ments  were  repeated  usually  with  the  transducer  set 
with  various  elements  facing  the  sound  source. 

Pattern  tests  on  ER  rotors  and  transducers  were 
also  made  with  the  polar  inverse  exponential  pattern 
plotter,7  which  was  designed  for  either  the  high  rota¬ 
tion  speed  of  the  ER  systems  (200  to  300  rps),  or  the 
lower  speeds  of  the  CR  scanning  commutator. 

8  4  2  Receiving  Beam  Patterns  with  the 
Listening  Commutator  Rotated 

The  CR  sonar  system  had  a  listening  commutator 
which  was  rotated  by  a  servo  motor  drive  by  means  of 
which  a  listening  beam  pattern  could  be  positioned 
on  any  bearing  with  respect  to  the  transducer.  Pat¬ 
terns  were  obtained  on  this  commutator  by  methods 
similar  to  those  used  in  obtaining  transducer  pat¬ 
terns. 

Two  methods  of  recording  the  data  were  used.  In 
the  first  method  (see  Figure  39)  voltmeter  readings 
were  recorded  at  each  setting  of  the  commutator, 
usually  at  intervals  of  2  to  10  degrees  depending 
on  the  detail  desired  in  the  pattern.  The  voltmeter 
readings  were  usually  converted  to  decibels  and 
plotted  on  polar  paper.  This  point-by-point  method 
was  used  only  in  the  field,  when  a  sound-level  re¬ 
corder  was  not  available.  The  second  method  (see 
Figure  40),  employing  the  recorder,  was  used  at  the 
test  stations.  For  this  purpose  a  portable  polar  chart 
recorder2  was  used  in  place  of  the  voltmeter  men¬ 
tioned  above.  With  this  recorder  a  continuous. polar, 
plot  of  the  pattern  was  made  while  the  commutator 


FPCR 


Figure  42.  Block  diagram  of  circuit  connections  to  por¬ 
table  polar  chart  recorder  with  transducer  rotated. 


was  slowly  rotated  by  means  of  a  servo  motor.  A 
sound-level  recorder  with  a  rectangular  coordinate 
plot  was  sometimes  used  in  these  measurements. 

8.4.3  Receiving  Beam  Patterns  through  the 
Listening  Commutator  with  the 
Transducer  Rotating 

Figure  41  shows  a  block  diagram  of  this  method  of 
making  pattern  measurements.  The  transducer  was 
rotated  in  steps  of  2  degrees  to  10  degrees  for  the 
point-by-point  plotting  method,  or  it  was  driven 
slowly  by  a  motor  as  shown  in  Figure  42,  when  a  re¬ 
corder  (PPCR  or  rectangular  plot)  was  used.  The 
commutator  was  fixed  in  position  in  either  case.  Sets 
of  patterns  were  taken  with  the  commutator  set  at 
different  positions.  Particular  attention  was  paid  to 
the  inter-register  positions  of  the  commutator  plates 
to  be  sure  that  the  commutation  process  was 
smooth.  Figure  43  shows  a  typical  pattern. 

*AA  Sensitivity  as  a  Function  of  Frequency 

For  comparative  measurements  of  the  sensitivity  of 
the  transducer  -  transfer-network  -  commutator  com¬ 
bination,  sound  was  put  into  the  water  by  means  of  a 
calibrated  hydrophone  driven  from  a  variable  fre¬ 
quency  oscillator.  The  output  from  the  scanning 
commutator  (or  ER  rotor)  was  fed  through  a  flat  am¬ 
plifier  to  a  cathode-ray  oscilloscope  by  means  of 


Figure  43.  Receiving  beam  pattern  taken  with  CR  com¬ 
mutator  fixed  and  transducer  rotated. 
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Fkii'RK  44.  Block  diagram  of  circuit  connections  for  ob¬ 
taining  sensitivity  measurement. 


which  the  amplitude  of  the  peak  of  the  pattern  could 
be  observed.  (See  Figure  44.)  A  voltmeter  was  used  in 
place  of  the  CRO  when  the  listening  commutator 
was  being  tested.  The  frequency  of  the  sound  in  the 
water  was  varied  until  the  amplitude  of  the  peak  of 
the  pattern  was  a  maximum.  This  change  in  fre¬ 
quency  affected  the  pattern  shapes  somewhat  and  the 
working  frequency  was  chosen  so  as  to  get  the  best 
patterns  and  the  greatest  possible  sensitivity.  Rela¬ 
tive  sensitivities  were  usually  measured  although  it 
was  possible  to  calculate  the  sensitivity  in  absolute 
terms  from  the  known  calibration  of  the  standard 
hydrophone  and  the  distance  between  the  hydro¬ 
phone  and  the  transducer. 

TESTS  OF  RECEIVERS  AND 
PREAMPLIFIERS 

®51  Introduction 

Certain  characteristics  of  the  preamplifier  and  re¬ 
ceiver  must  be  tested  to  make  sure  that  these  units 
will  function  properly.  Present  discussion  is  confined 
to  the  tests  to  be  made  before  installation  of  complete 
sonar  equipment  on  a  ship.  A  properly  functioning 
preamplifier  will  accurately  reproduce  the  signal  at 
its  input.  Similarly,  a  satisfactory  receiver  will  prop¬ 
erly  transmit  the  signal  applied  to  its  input  circuit 
and  modify  this  signal  to  forms  suitable  for  both 
audible  and  visual  indicators.  Certain  requirements 


and  prohibitions  may  be  specified  for  both  units:  (1) 
excessive  noise,  distortion,  blocking,  cross-modula¬ 
tion,  and  instability  should  not  accompany  the  re¬ 
production  of  the  signal;  (2)  characteristics  of  the 
units  must  not  vary  appreciably  with  changes  in  line 
voltage,  tubes,  and  ambient  conditions;  (3)  frequency 
response,  gain,  phase  shift,  linearity,  input  imped¬ 
ance,  output  impedance,  and  dynamic  range  should 
be  within  the  designed  values.  In  the  receiver,  the 
electronic  circuits  used  for  control  purposes  such  as 
reverberation-controlled  gain  [RCG],1'-  time-varied 
gain  [TVG],13  own-dopplcr  nullificr  [ODN],14  or 
automatic  volume  control  [AVC]  should  be  properly 
adjusted  for  satisfactory  performance. 

Life  tests  on  a  representative  preamplifier  and  re¬ 
ceiver  arc  highly  desirable  since  they  will  show  the 
change  in  operation  with  time.  Sample  units  should 
also  be  subjected  to  standard  acceptance  test  for  hu¬ 
midity,  temperature,  and  vibration. 

In  order  to  aid  servicing  and  maintenance  after  the 
complete  sonar  gear  is  installed  on  a  ship,  operating 
data  on  the  components  should  be  obtained  prior  to 
installation.  These  data  should  consist  of  the  meas¬ 
ured  d-c  voltages  at  all  tube  pins,  signal  voltages  at  all 
significant  points  with  a  known  value  of  input  signal, 
output  voltage  of  all  local  oscillators,  and  d-c  power 
supply  voltages. 

8-5-2  Preamplifier  Tests 

The  overall  frequency  response  of  the  preampli¬ 
fier  should  be  examined  with  both  steady-state  and 
pulse  signals.  With  correct  input  and  output  imped¬ 
ance  termination,  the  steady-state  response  is  ob¬ 
tained  by  measuring  gain  as  a  function  of  the  fre¬ 
quency  of  an  input  signal  whose  amplitude  is  below 
any  overload  point.  The  response  to  pulse  signals  is 
obtained  by  measuring  gain  and  reproduction  of 
pulse  shape  and  wave  form  as  a  function  of  the  dura¬ 
tion  of  the  pulse.  This  measurement  should  be  made 
at  the  nominal  operating  frequency  of  the  sonar  gear 
with  a  calibrated  CRO. 

To  measure  linearity,  the  amplifier  output  voltage 
may  be  measured  as  a  function  of  the  input  signal 
voltage  at  the  nominal  operating  frequency,  from 
zero  to  above  the  overload  point.  The  linearity  test 
also  suffices  as  a  measurement  of  dynamic  range. 

To  determine  noise  level,  a  root-mean-square  volt¬ 
meter  is  connected  to  the  output  through  an  auxiliary 
measuring  amplifier  of  satisfactorily  low  noise  level. 
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while  a  signal  source  of  low  internal  impedance  is  ap¬ 
plied  in  series  with  the  first  grid  resistor.  The  input 
voltage  is  then  increased  until  the  output  rises  to 
V2  times  its  value  with  zero  input.  This  input  volt¬ 
age  is  the  equivalent  noise  level.  For  this  test  a 
vacuum-tube  voltmeter  can  be  used  as  a  root-mean- 
square  voltmeter  without  appreciable  error. 

The  four  sources  of  noise  within  the  preamplifier 
are  thermal  agitation,  shot  effect,  microphonics,  and 
hum  from  the  power  supply.  An  attempt  should  be 
made  to  classify  and  reduce  these  sources  as  much  as 
possible.  If  the  measured  output  voltage  decreases 
when  the  first  grid  resistor  is  short-circuited,  the  de¬ 
crease  represents  the  percentage  of  noise  created  by 
thermal  agitation  in  that  resistor.  The  effect  on  noise 
level  of  mechanical  vibration  of  the  preamplifier 
should  be  noted.  A  cathode-ray  oscillograph  may  be 
used  to  estimate  roughly  the  amount  of  hum  voltage 
in  the  noise.  Stray  magnetic  and  electric  fields  from 
an  external  source  should  not  be  present. 

The  phase  shift  through  the  preamplifier  is  impor¬ 
tant  when  a  preamplifier  is  to  be  used  in  each  of  the 
two  channels  of  a  bearing  deviation  indicator  [BDI] 
receiving  system,  since  the  phase  shift  through  one 
BDI  channel  must  be  equal  to  that  through  the  other 
over  the  operating  frequency  range.  The  phase-shift 
measurement  in  the  preamplifier  can  be  made  by  use 
of  a  standard  lag  line  and  a  calibrated  CRO,  or  by  a 
calculation  from  the  Lissajous  figure  on  a  calibrated 
CRO. 

The  differential  phase  shift  between  the  two  pre¬ 
amplifier  units  may  be  checked  easily  in  the  following 
manner:  a  calibrated  CRO  is  used,  the  output  of  one 
preamplifier  is  connected  to  the  CRO  Y-axis  input, 
and  the  output  of  the  other  is  connected  through  a 
standard  lag  line  to  the  X-axis  input  (see  Figure  45). 
The  preamplifier  inputs  are  connected  in  parallel  to 
an  audio-oscillator  output.  The  standard  lag  line  is 
adjusted  until  the  ellipse  closes  on  the  cathode-ray 
tube  screen.  Its  phase  reading  then  gives  the  differ¬ 
ence  between  the  phase  shifts  through  the  two  pre¬ 
amplifiers.  The  entire  procedure,  including  the  cali¬ 
bration  of  the  CRO,  should  be  repeated  in  steps 
throughout  the  sonar  frequency  range. 

For  satisfactory  BDI  operation,  the  gains  of  both 
BDI  preamplifiers  for  all  sonar  frequencies  must  be 
equal.  The  checking  of  this  requirement  is  implied  in 
the  steady-state  frequency-response  measurement 
which  has  been  discussed  previously. 

The  stability  of  the  preamplifier  should  be  checked 


PHASE  DIFFERENCE  READ 
ON  STANDARD  LAG  LINE 


Figure  45.  Circuit  arrangement  for  testing  differential 
phase  shift  through  two  amplifiers. 


over  the  allowable  range  of  a-c  line-voltage  variation. 
Gain,  linearity,  and  output  impedance  are  measured 
as  functions  of  the  line  voltage  to  check  stability.  Any 
undesirable  actions  such  as  oscillations,  periodic 
blocking  of  tubes,  or  cross-modulation  should  also  be 
investigated,  at  the  two  limits  of  line  voltage. 

8-5-3  Scanning  Receiver 

The  overall  frequency  response  of  the  receiver 
should  be  examined  for  a  steady-state,  or  continuous, 
signal  and  for  pulse  signals.  With  correct  input  im¬ 
pedance  termination,  the  correct  setting  of  the  uni¬ 
control  oscillator,  and  normal  gain-control  setting, 
the  continuous  signal  response  may  be  obtained  by 
measuring  gain  as  a  function  of  the  frequency  of  the 
input  voltage,  which  is  held  constant  and  below  the 
overload  point.  It  is  highly  desirable  that  maximum 
response  is  obtained  at  the  nominal  sonar  operating 
frequency.  Another  steady-state  response,  which  gives 
mainly  the  characteristics  of  the  r-f  band-pass  cir¬ 
cuits,  may  be  obtained  by  measuring  gain  as  a  func¬ 
tion  of  the  unicontrol  setting,  with  the  input  signal 
held  at  the  sonar  operating  frequency. 

The  frequency  response  to  pulses  may  be  obtained 
by  measuring  gain,  and  by  reproduction  of  the  pulse 
shape  and  wave  form  as  provided  by  the  signal-pulse 
generator  through  an  artificial  transducer  and  a  test 
scanning  commutator.  This  measurement  should  be 
made  at  the  sonar  operating  frequency  and  with  the 
use  of  a  calibrated  cathode-ray  oscillograph.  It  is  also 
adequate  as  a  measurement  of  overall  gain,  if  it  is 
repeated  for  different  settings  of  the  gain  control.  The 
gains  of  the  individual  stages— r-f,  1st  detector,  i-f, 
2nd  detector,  and  cathode-follower  stage— should  be 
obtained  also  in  order  to  check  completely  the  opera¬ 
tion  of  each  receiver  component.  For  the  same  rea¬ 
son,  a  point-to-point  check  of  d-c  voltages  should  be 
made.  These  component  tests  are  highly  desirable,  for 
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the  receiver  may  appear  to  be  satisfactory  in  overall 
operation  even  though  one  or  more  components  arc 
not  functioning  as  designed. 

In  measuring  linearity  the  output  voltage  is  re¬ 
corded  as  a  function  of  a  steady-state  input  voltage  of 
sonar  operating  frequency,  from  zero  to  above  the 
overload  point.  If  this  procedure  is  repeated  for  gain 
settings  throughout  the  control  range,  it  serves  as  a 
measurement  of  dynamic  range  and  noise. 

In  making  noise  measurements  on  the  receiver,  the 
output  voltage  may  be  measured  with  a  d-c  voltmeter. 
The  input  signal  should  have  very  low  internal  im¬ 
pedance  and  should  be  inserted  in  series  with  the 
proper  input  terminating  impedance.  The  input 
voltage  which  produces  a  d-c  voltmeter  reading  of 
V 2  times  its  reading  with  zero  input  is  the  equiva¬ 
lent  noise  level.  As  in  the  preamplifier  tests,  an  at¬ 
tempt  should  be  made  to  classify  the  noise  and  meas¬ 
ure  the  contribution  from  each  noise  source. 

The  calibration  of  the  unicontrol  oscillator  dial 
should  also  be  checked.  It  is  usually  convenient  to 
measure  and  calibrate  the  frequency  of  the  local  oscil¬ 
lator  by  comparison  with  some  previously  calibrated 
secondary  standard,  using  the  Lissajous  method.  If, 
in  the  frequency  response  tests,  the  peak  response  is 
obtained  at  the  correct  sonar  operating  frequency, 
the  calibration  of  the  unicontrol  oscillator  then 
checks  by  inference  the  frequency  characteristics  of 
the  r-f  and  i-f  stages.  For  a  more  complete  check, 
however,  the  frequency  response  of  the  r-f  stage 
alone  may  be  measured.  This  response  can  be  ob¬ 
tained  by  measuring  the  r-f  output  voltage  as  a  func¬ 
tion  of  the  input  frequency. 

Improper  termination  of  the  output  fdter  or  of  the 
r-f  or  i-f  band-pass  filters  may  result  in  the  genera¬ 
tion  of  damped  transient  oscillations  when  subject  to 
pulse-tvpe  signals.  It  is  highly  important,  therefore, 
to  investigate  the  transient  response  of  the  receiver. 
This  investigation  requires  an  input  signal  in  the 
form  of  a  square  pulse  whose  amplitude,  duration, 
and  signal  frequency  arc  variable.  Under  these  dif¬ 
ferent  conditions  of  input  pulse  signal,  the  receiver 
output  signal  may  be  observed  with  a  CRO  to  study 
its  transient  behavior. 

Parasitic  oscillations  in  the  receiver  sometimes  oc¬ 
cur,  either  continuously  or  only  under  certain  input 
signal  conditions.  In  many  cases  the  parasitic  fre¬ 
quency  is  so  high  that  the  oscillations  cannot  be  de¬ 
tected  with  the  use  of  a  CRO  or  a  vacuum-tube  volt¬ 
meter.  Frequently,  however,  the  operation  of  the  re¬ 


ceiver  is  acceptable  even  when  the  oscillations  exist. 
An  effective  test  procedure  is  to  measure  the  voltage 
at  the  output  and  individual  stages  of  the  receiver 
throughout  the  entire  frequency  spectrum  to  an  up¬ 
per  limit  of  300  to  500  megacycles.  For  completeness, 
the  test  should  be  made  with  different  levels  of  con¬ 
tinuous  input  signal,  with  different  settings  of  gain 
control,  and  at  the  allowable  limits  of  a-c  line  voltage. 

One  type  of  cross-modulation  or  cross  talk  exists 
only  in  dual-channel  receivers.  The  scanning  and 
listening  receivers  of  the  XQHA  gear,  for  example, 
are  located  in  the  same  chassis.  It  is  therefore  neces¬ 
sary  to  check  the  magnitude  of  the  unwanted  signal 
in  the  scanning-receiver  output  which  is  picked  tip 
from  the  listening  receiver.  This  type  of  cross  talk 
may  be  expressed  as  the  ratio  of  scanning-receiver  in¬ 
put  voltage  required  to  produce  a  certain  scanning- 
receiver  output  voltage,  to  the  listening-receiver  in¬ 
put  voltage  that  will  produce  the  same  output  voltage 
in  the  scanning  receiver.  This  measurement  must  be 
made  at  the  correct  sonar  operating  frequency. 

Input  voltage,  current,  and  phase  angle  should 
each  be  measured  as  a  function  of  frequency  to  de¬ 
termine  the  receiver’s  input  impedance  and  its  fre¬ 
quency  characteristic.  With  correct  input-impedance 
termination,  the  measurements  can  be  made  by  a 
method  similar  to  that  used  in  measuring  the  output 
impedance  of  the  preamplifier. 

Reverberation-controlled  gain12  is  a  circuit-  ar¬ 
rangement  whereby  the  gains  of  the  receiver  are  de¬ 
creased  greatly  at  the  instant  of  transmission.  The  re¬ 
ceiver  gain  will  be  rapidly  restored  unless  reverbera¬ 
tion  is  present,  in  which  case  the  gain  restoration  will 
be  modified  to  correspond  with  the  persistence  of  the 
reverberation.  This  circuit  provides,  in  effect,  a  TVG 
circuit  with  time  constant  depending  upon  water 
conditions. 

From  the  above  general  description  of  RCG,  it  will 
be  seen  that  it  is  convenient  to  test  only  the  two  limit¬ 
ing  conditions  of  operation  during  preinstallation 
tests.  One  limiting  condition  is  obtained  when  there 
is  no  output  front  the  receiver  at  the  end  of  the  key¬ 
ing  impulse,  thereby  allowing  the  most  rapid  restora¬ 
tion  of  gain.  The  other  limiting  condition  is  obtained 
by  applying  to  the  control  point  of  the  RCG  circuit, 
in  place  of  reverberation,  a  steady  signal  of  such  mag¬ 
nitude  that  the  slowest  restoration  of  gain  is  ob¬ 
tained.  A  calibrated  CRO  is  used  to  measure  the  con¬ 
trol  voltage  from  the  RCG  circuit,  and  to  determine 
the  rate  of  restoration  of  gain. 
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8-5-4  Listening  Receiver 

The  same  tests  described  in  the  foregoing  section 
on  scanning  receivers  should  be  made  on  the  listen¬ 
ing  receiver,  but  with  some  modifications  and  addi¬ 
tions.  All  these  tests  are  made  with  the  ODN  switch 
in  the  off  position.  The  overall  frequency  response 
to  pulses  of  sonar  frequency  should  be  measured 
using  a  pulse  generator  whose  output  pulse  is  of  the 
designed  duration. 

In  addition,  the  operation  of  the  beat-frequency 
oscillator,  the  audio  band-pass  filter,  and  ODN 
should  be  tested.  The  operation  of  the  beat-frequency 
oscillator  is  checked  by  observing  that  a  suitable 
audio  frequency  of  proper  amplitude  is  obtained 
throughout  the  range  of  operation  of  the  receiver, 
with  ODN  off. 

The  audio  band-pass  filter  should  be  tested  as  an 
individual  component  by  measuring  gain  through 
the  filter  as  a  function  of  the  frequency  of  signal  in¬ 
serted  in  series  with  the  filter  input  impedance.  This 
test  may  be  performed  with  the  receiver  power  supply 
turned  off. 

The  ODN14  circuit  operation  can  be  tested  by 
measuring  the  audio  output  frequency  as  the  receiver 
input  frequency  is  varied.  The  test  should  be  re¬ 
peated  for  different  levels  of  input  signal  throughout 
the  expected  range  of  reverberation  level.  It  will  be 
necessary  to  supply  a  recurrent  keying  pulse  that  is 
the  same  as  the  pulses  which  exist  when  the  complete 
sonar  equipment  keys.  For  each  input  frequency  the 
pulses  must  be  applied  at  the  proper  terminals  be¬ 
fore  the  audio  output  frequency  is  measured  a  short 
time  later.  The  time  allowed  to  sample  the  intro¬ 
duced  reverberation  signal  should  also  be  measured 
by  determining  the  length  of  time  between  the  open¬ 
ing  and  closing  of  the  relay  or  device  which  operates 
at  the  start  and  end  of  the  sampling  period. 

8-5-5  Sum-and-Difference  BDI 

A  BDI  receiver  consists  essentially  of  two  channels 
that  are  nearly  identical.  With  the  exception  of  the 
last  two  BDI  stages  and  the  audio  output  stage,  each 
channel  performs  as  a  single-channel  listening  re¬ 
ceiver.  The  next-to-the-last  stage  consists  of  a  phase 
detector  where  signals  from  the  two  channels  are  com¬ 
bined,  and  the  last  stage  is  the  deflection  amplifier. 

Both  BDI  channels,  up  to  the  input  of  the  phase 


detector  and  the  audio  output  stage,  should  be  given 
the  tests  discussed  under  Section  8.5.4  above.  In 
addition  to  these  tests,  a  check  should  be  made  on  the 
balance  in  the  two  channels.  For  complete  balance  up 
to  the  input  of  the  phase  detector,  linearity,  phase 
shift,  frequency  response,  and  gain  of  both  channels 
must  be  the  same  within  specified  tolerances. 

In  order  to  test  the  last  two  BDI  stages,  the  meas¬ 
urement  of  a  BDI  deflection  curve  is  necessary.  A  spe¬ 
cial  device,  such  as  the  artificial  projector,  is  required 
to  make  the  test.8  When  used  to  simulate  the  receiv¬ 
ing  function  of  a  split  projector,  the  device  furnishes 
to  the  connected  circuit  (BDI  receiver)  signals  like 
those  generated  in  an  actual  projector  when  receiving 
sound  from  a  distant  source,  with  proper  dependence 
on  projector  rotation.  With  the  artificial  projector 
and  auxiliary  equipment  providing  input  signals  to 
the  BDI  receiver,  a  BDI  deflection  curve  is  obtained 
by  recording  d-c  output  voltage  as  a  function  of  the 
angle  of  rotation  of  the  artificial  projector.  Deflection 
curves  should  be  obtained  for  values  of  input  signal 
from  zero  amplitude  to  the  overload  point  for  a  par¬ 
ticular  gain  setting.  This  test  should  be  repeated  sev¬ 
eral  times  between  the  minimum  and  maximum  set¬ 
ting  of  the  gain  control. 

8-5.6  Preinstallation  Production  Tests 

Preinstallation  production  tests  necessarily  include 
most  of  the  tests  already  discussed.  After  the  first  few 
units  of  a  production  run  have  been  tested  com¬ 
pletely,  the  total  number  of  tests  on  succeeding  units 
may  be  reduced.  For  instance,  linearity  may  be  tested 
at  the  minimum  and  maximum  gain  settings,  thus 
being  checked  by  inference  throughout  the  gain  con¬ 
trol,  rather  than  being  tested  at,  for  example,  ten  spe¬ 
cific  settings  of  the  gain  control.  Moreover,  it  is  pos¬ 
sible  to  achieve  several  test  objectives  with  one 
general  test  procedure.  Testing  for  linearity  may  be 
combined  with  the  measurement  of  noise  level.  By 
measuring  overall  gain  as  a  function  of  frequency, 
with  the  use  of  a  square  pulse  of  sonar  frequency  at 
the  input  signal,  three  objectives  are  obtained:  (1) 
measurement  of  overall  frequency  response,  (2) 
measurement  of  gain,  and  (3)  test  of  response  to 
transients.  It  may  be  necessary  only  to  determine  the 
d-c  power-supply  voltage  as  a  function  of  a-c  voltage, 
rather  than  to  check  stability  of  gain,  linearity,  local 
oscillator  frequency  calibration,  etc.,  as  a  function  of 


CONFIDENTIAL 


410 


TEST  METHODS  AND  TECHNIQUES 


Mole-  LI  - 170  MH  in  air 
L2~  200  MH  in  air 

T1 


a-c  line  voltage.  It  is  highly  desirable,  however,  to  set 
up  an  adequate  test  schedule  and  not  to  err  on  the 
side  of  too  few  tests. 

86  TRANSMITTER  TESTS 

8-61  General  Tests 

A  transmitter  unit  used  in  either  the  CR  or  ER 
sonar  system  usually  contains  the  following  compo¬ 
nents:  a  fixed  oscillator,  converter-amplifier  unit, 
driver  amplifier,  final  power  amplifier,  and  power 
supplies.  Detailed  descriptions  of  the  various  trans¬ 
mitter  designs  used  in  the  above  types  of  sonar  sys¬ 
tems  are  given  in  previous  chapters.  In  all  late  HUSL 
models  the  energy  storage  principle  was  used  in  the 
plate  power  supply  for  the  final  power  amplifier.  As 
all  sonar  transmitters  are  of  the  pulse  type,  this 
principle  permits  high  output  power  to  be  obtained 
during  the  pinging  or  transmitting  period  with  cir¬ 
cuit  components  of  only  moderate  size. 

To  make  sure  that  the  overall  operation  of  the 
transmitter  unit  is  satisfactory,  numerous  tests  on  its 
several  components  are  necessary.  These  tests  include: 

1.  A  check  of  all  bias  supply  voltages  of  the  various 
tube  components. 


2.  Measurement  of  fixed  oscillator  frequency  and 
setting  of  the  frequency  control. 

3.  A  check  of  the  effect  of  tube  changes  on  stability 
of  operation. 

4.  A  check  of  the  efTcct  of  line  voltage  fluctuation 
on  stability  of  operation. 

5.  A  check  of  the  converter  operation  including 
harmonic  suppression  in  its  associated  band-pass  fil¬ 
ter  circuit. 

6.  Tuning  adjustment  of  the  driver  and  final  pow¬ 
er-amplifier  units. 

7.  Measurement  of  pulse  power  output,  and  final 
power-amplifier  input  and  plate  efficiency,  includ¬ 
ing  also  (a)  measurement  of  output  as  a  function  of 
the  load  impedance,  (b)  measurement  of  output  as  a 
function  of  tuning  over  the  sonar  frequency  range. 

8.  Measurement  of  pulse  length,  pulse  envelope 
shape,  and  wave  form  distortion  of  signal. 

9.  A  check  for  spurious  feedback  (parasitics). 

10.  A  check  of  the  mechanical  operation  of  all  key¬ 
ing  relays. 

11.  A  check  for  overheating  of  circuit  components 
during  continued  operation. 

Specific  pieces  of  test  equipment  are  needed  to  per¬ 
form  the  above  test  program  satisfactorily.  These 
include: 
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1.  A  cathode-ray  oscilloscope  having  a  moderately 
long-persistence  screen  (preferably  a  5-inch  tube).  If 
the  display  on  the  screen  is  to  be  photographed,  the 
screen  should  be  an  actinic-blue  short-persistence 
type.  The  oscilloscope  should  be  carefully  calibrated 
over  the  sonar  frequency  range. 

2.  Calibrated  voltage  dividers  are  needed  as  the 
measurement  of  pulse  voltages  well  beyond  the  range 
of  the  usual  oscilloscope  input  circuits  is  frequently 
necessary.  Noninductive  carbonized  resistors  furnish 
the  most  convenient  means  of  building  up  a  voltage 
divider.  Their  wattage  rating  should  be  sufficiently 
great  to  preclude  heating  and  subsequent  change  of 
resistance,  and  the  overall  resistance  of  the  divider 
should  be  sufficiently  high  that  it  does  not  disturb 
materially  the  circuit  being  measured. 

3.  A  simple  heterodyne  receiver  of  the  type  shown 
in  Figure  46  for  listening  to  the  transmitter  output. 
The  local  oscillator  in  the  receiver  should  be  well 
shielded  and  isolated  from  the  input  circuit  by  a  buf¬ 
fer  amplifier  to  prevent  feeding  a  high-frequency 
signal  back  into  the  circuit  being  tested.  Very  little 
gain  is  required  in  the  receiver  since  the  signals  to  be 
studied  are  usually  of  comparatively  high  level. 

4.  Some  type  of  pulse  generator  as  an  input  keying- 
pulse  simulator  for  keying  the  transmitter  during 
various  stages  of  the  test  program.  If  grid  bias,  plate, 
or  other  power  supplies  are  needed  which  are  ex¬ 
ternal  to  the  transmitter  unit  being  tested,  the  input 
keying-pulse  simulator  should  incorporate  these  so 
that  an  interconnection  to  the  simulator  will  cause 
the  transmitter  to  operate  as  if  it  were  connected  to 
the  system  of  which  it  is  a  part. 

5.  The  usual  electrical  measuring  equipment  such 
as  oscillators,  high-resistance  d-c  voltmeters,  vacuum- 
tube  voltmeters,  etc. 

Procedures  in  making  many  of  the  above-men¬ 
tioned  tests  on  the  transmitter  components  follow 
known  orthodox  methods  and  do  not  require  discus¬ 
sion  here.  However,  certain  tests  peculiar  to  sonar 
pulse  transmitters  are  described  here. 

8-6-2  Output  Power  Measurement 

While  noninductive  resistors  are  useful  as  loading 
elements  while  the  transmitter  power  output  is  being 
checked,  it  is  often  desirable  to  use  a  simulated  trans¬ 
ducer  with  its  impedance-matching  network.  The 
simulated  transducer  impedance  should  have  the 
same  resistive  and  reactive  components  as  the  actual 


Figure  47.  Representative  pulse  shapes. 


transducer  to  be  used  with  the  transmitter  unit  under 
test,  and  should  be  capable  of  handling  the  power  fed 
to  it.  In  this  manner  the  impedance-matching  net¬ 
work,  output  transformer,  protective  devices,  etc., 
can  be  tested  along  with  the  transmitter. 

When  determining  the  power  output  by  using  a 
calibrated  CRO  to  measure  the  voltage  amplitude  of 
the  output  pulse  into  a  known  load  resistor,  it  must 
be  kept  in  mind  that  the  pulse  shape  is  not  regular. 
Consequently,  as  power  is  proportional  to  the  square 
of  the  voltage,  the  value  of  the  power  thus  deter¬ 
mined  will  vary  widely,  depending  on  the  point  on 
the  pulse  envelope  at  which  the  voltage  is  measured. 
To  prevent  any  ambiguity  regarding  this  measure¬ 
ment,  it  has  been  the  custom  to  take  an  average  value 
of  the  pulse  voltage.  In  figure  47,  showing  several 
common  types  of  pulse  envelopes,  the  points  which 
are  generally  selected  as  average  amplitudes  are  indi¬ 
cated;  the  choice  of  the  point  in  any  type  is  entirely 
arbitrary.  The  peak  of  the  pulse  should  not  be  used 
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in  determining  power  since  such  value  will  give  an 
indicated  power  output  considerably  greater  than  the 
true  value.  For  this  reason,  the  use  of  a  crest  volt¬ 
meter  to  measure  pulse  voltage  amplitudes  is  not 
feasible.  In  a  series  of  power  measurements,  the  same 
point  should  he  selected  throughout  and  indicated  in 
the  data  report. 

As  previously  mentioned,  the  output  power  should 
be  measured  for  different  tuning  adjustments  over 
the  sonar  frequency  range  and  also  as  a  function  of 
the  load  impedance.  The  output  impedance  for  the 
greatest  power  output  should  be  determined,  if  the 
output  transformer  design  has  not  been  frozen,  or  if 
different  power  tubes  are  being  studied.  If  definite 
specifications  have  been  set  up  for  power  output 
versus  ping  rate,  or  if  power-supply  voltage-recovery 
rate  is  being  changed,  a  measure  of  the  output  at  vari¬ 
ous  ping  rates  may  be  necessary.  In  systems  intended 
to  be  used  over  a  comparatively  wide  frequency 
range,  the  transducer  characteristics  may  be  such  that 
only  a  small  portion  of  that  range  is  likely  to  be  used; 
in  this  case  a  transmitter  should  be  adjusted  for  opti¬ 
mum  operation  over  that  limited  range. 

8  6  3  Power  and  Current  Input 

Measurement 

Owing  to  the  pulse-type  operation  of  a  sonar  trans¬ 
mitter,  usual  methods  of  measuring  plate  power  in¬ 
put  to  the  final  amplifier  arc  inadequate.  As  its  plate 
supply  utilizes  the  energy  storage  principle,  the  plate 
voltage  will  vary  over  the  ping  period  from  a  high 
initial  value  to  a  lower  value  at  the  end  of  the  period. 
To  measure  the  plate  voltage  over  this  short  period, 
the  calibrated  CRO  with  its  voltage  divider  is  used. 
The  initial  and  final  values  of  the  supply  voltage  are 
determined  from  the  CRO  screen  pattern  and  the 
power  input  to  the  plate  circuit  of  the  final  power 
amplifier  is  computed  from  the  equation 

Pin  =  \c  [Ey-  -  E./]  ~ 

where  C  represents  the  total  capacitance  of  the  stor¬ 
age  capacitors,  Fx  and  F...  are  the  initial  and  final 
values  of  the  plate  supply  voltage  during  the  ping 
period,  and  T  is  the  length  of  the  transmitted  pulse. 

Screen  and  plate  currents  of  the  driver  and  final 
power  amplifier  tubes  may  be  measured  by  using  a 
small  calibrated  resistor  placed  in  the  circuit  whose 
current  is  to  be  determined,  and  a  CRO  to  measure 


the  amplitude  of  the  voltage  pulse  across  the  resistor. 
In  the  power  amplifier  stages  employing  certain  tet¬ 
rodes  (Type  71511),  it  will  be  found  that  the  screen 
current  increases  abruptly  as  the  excitation  voltage  is 
raised  above  a  critical  value.  The  screen  current  meas¬ 
urement  is  therefore  of  value  in  determining  the 
proper  amplitude  of  the  grid  driving  voltage. 

The  overall  60-cycle  power  consumption  of  the 
transmitter  may  be  determined  in  the  usual  manner. 
The  power  factor  should  be  checked  and,  if  it  is  ex¬ 
cessively  low,  power  factor  correction  applied. 

Stability 

Transients  of  any  kind  arc  to  he  avoided  by  correct 
circuit  design  and  adjustments.  Parasitics  and  regen¬ 
eration  can  usually  be  detected  in  the  output  pulse  by 
the  use  of  a  high  enough  sweep  rate  in  the  observa¬ 
tion  CRO.  Experience  will  make  it  possible  to  dis¬ 
tinguish  between  distortion  of  wave  form  caused  by 
normal  variations  in  envelope  shape,  and  variations 
caused  by  parasitics  and  regeneration  effects.  In  the 
latter  case  the  wave  form  may  be  so  poor  that  it  is  im¬ 
possible  to  synchronize  the  sweep.  Variations  in  en¬ 
velope  shape  as  indicated  in  Figure  47A  and  B 
show  up  as  haziness  of  outline  on  the  upper  and  lower 
peaks  of  the  pulse,  while  parasitics  or  regeneration 
arc  indicated  by  a  general  “hash”  not  recognizable  as 
any  definite  pattern. 

In  studying  frequency  stability  of  the  transmitter 
oscillator,  a  suitable  standard  of  frequency  is  needed 
for  comparison.  Usually  a  stable  variable  interpola¬ 
tion  oscillator  that  has  been  previously  calibrated 
may  be  used  to  check  the  transmitter  frequency  in 
conjunction  with  a  CRO,  following  the  Lissajous 
figure  method. 

In  those  sonar  systems  using  unicontrol  where  the 
frequency  of  the  whole  system  is  controlled  from  the 
receiver  unit,  the  oscillator  in  the  transmitter  must 
have  a  high  degree  of  stability  to  insure  proper  opera¬ 
tion  of  the  receiver,  and,  moreover,  the  output  of  the 
converter  stage  must  he  high  enough  to  give  sufficient 
excitation  on  the  succeeding  amplifier  stage,  and 
must  be  free  from  harmonic  distortion.  This  last 
qualification  must  be  verified  by  thoroughly  testing 
the  band-pass  characteristic  of  the  filter  associated 
with  the  converter.  A  standard  calibrated  oscillator 
and  vacuum-tube  voltmeter  are  the  chief  pieces  of 
equipment  needed  to  make  these  tests. 

In  a  short-pulse  system  that  uses  frequency  modula¬ 
tion,  the  frequency  of  the  oscillator,  which  may  also 
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be  the  sonar  signal  frequency,  is  usually  modulated 
by  means  of  a  reactance  tube  (see  Chapter  7).  In  gen¬ 
eral,  frequency  modulation  is  difficult  to  study  in  a 
short-pulse-length  system.  However,  it  will  be  fre¬ 
quently  found  that  the  voltage  output  of  the  fre¬ 
quency-modulated  oscillator  will  vary  as  the  fre¬ 
quency  varies,  affording  thereby  an  approximate 
measure  of  the  frequency  change  if  the  output  voltage 
of  the  unit  has  first  been  calibrated  against  frequency 
with  the  oscillator  operating  continuously.  A  hetero¬ 
dyne  receiver  is  useful  in  working  with  frequency- 
modulated  signals  if  the  pulse  is  sufficiently  long  (20 
to  30  msec).  Frequency  modulation  of  short  pulses 
can  often  be  detected  by  noticing  that  the  tone  of  the 
pulse  does  not  vary  as  the  heterodyne  receiver  is  tuned 
past  the  center  frequency  of  the  pulse.  The  variation 
during  the  pulse  of  the  d-c  control  voltage  on  the  re¬ 
actance-tube  grid  may  be  measured  with  an  oscillo¬ 
scope  and  compared  with  a  plot  of  frequency-versus- 
control  grid  bias  voltage,  determined  by  varying  the 
grid  voltage  with  a  potentiometer  and  measuring  fre¬ 
quency  at  convenient  points  while  operating  the  os¬ 
cillator  continuously.  It  is  also  possible  to  place  the 
oscillator  output  on  the  Y  axis  of  an  oscilloscope  and 
the  reactance-tube  grid  bias  voltage  on  the  X  axis 
amplifier  for  sweep  control.  The  pattern  thus  ob¬ 
tained  (see  Figure  48)  can  be  used  to  determine 
whether  or  not  the  frequency  sweeps  far  enough  dur¬ 
ing  the  ping  interval.  The  intensity  of  the  dot  at  the 
right  end  of  the  trace  increases  as  the  length  of  time 
the  spot  remains  at  the  right  increases.  For  this  test, 
the  X-axis  amplifier  must  be  calibrated  in  order  to  de¬ 
termine  the  total  variation  of  bias  voltage  from  the 
beginning  to  the  end  of  the  pulse.  This  variation  is 
then  compared  with  the  frequency-versus-bias  charac¬ 
teristic  of  the  reactance  tube,  and  the  frequency  varia¬ 
tion  is  thereby  determined. 

Operation  of  the  transmitter  over  a  wide  range  of 
supply  voltages  must  be  checked  to  ascertain  that  cut¬ 
off  bias  and  other  possibly  critical  voltages  remain 
within  acceptable  limits,  and  that  the  performance  is 
satisfactory  (if  not  optimum)  under  all  expected  con¬ 
ditions  of  operation. 

If  the  transmitter  design  involves  the  building  of 
special  parts— transformers,  coils,  and  so  on— tests 
should  be  made  on  insulation  breakdown,  operation 
at  high  temperature  and  humidity,  life  expectancy, 
and  suitability  of  general  design. 

Production  tests,  aside  from  the  usual  manufactur¬ 
ing  procedures  of  complete  parts  inspection  and  cor- 


Ficure  48.  Oscillator  output  versus  control  grid  bias  on 
reactance  tube. 

rect  connection  checks,  should  involve  the  use  of  an 
input  test  set  that  will  simulate  the  operation  of  the 
remainder  of  the  sonar  system  as  well  as  be  an  actual 
interconnection  with  the  other  units  of  the  system. 
The  power  output,  frequency,  and  pulse  shape  and 
length  of  the  transmitted  pulse  should  be  measured 
and  compared  with  the  acceptable  values  determined 
by  previous  experiment  on  a  prototype  model. 

INDICATOR  TESTS 
8-71  Spiral  Sweep  Tests 

The  indicator  unit  contains  the  plan  position  in¬ 
dicator  [PPI]  tubes,  their  associated  power-supply 
circuits,  various  synchro  units  associated  with  the 
cursor  controls,  and  other  circuits,  according  to  the 
type  of  sonar  system.  The  details  of  testing  and  check¬ 
ing  the  PPI  spiral-sweep  and  pulse  circuits  are  dis¬ 
cussed  in  the  next  section  of  this  chapter.  In  the 
slower-speed  CR  scanning  sonar,  the  linearity  of  the 
sweep  may  be  checked  by  increasing  beam  intensity 
until  the  individual  spirals  are  visible  and  then  ob¬ 
serving  whether  the  turns  are  equally  spaced  from  the 
beginning  to  the  end  of  the  spiral.  In  a  high-speed 
scanning  system,  such  as  the  ER  sonar,  an  a-c  bright¬ 
ening  signal,  whose  frequency  is  a  multiple  of  the  ro¬ 
tation  frequency,  can  be  applied  to  the  PPI  control 
grid  so  that  brightening  will  occur  at  even  time  inter¬ 
vals  from  the  beginning  to  the  end  of  the  sweep.  Uni¬ 
formity  of  the  spaces  between  the  brightened  turns 
can  then  be  verified,  and  at  the  same  time,  the  range 
start  and  range  limit  checked  for  all  range  settings, 
to  make  sure  that  the  spiral  begins  and  ends  at  the 
proper  place.  Methods  of  checking  these  two  limits 
are  outlined  in  the  next  section. 

The  circularity  of  the  spiral  should  be  checked 
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next.  This  can  be  done  by  applying  a  constant  voltage 
to  the  spiral-sweep  generator  field  or  expander  tube, 
so  that  a  circle  of  constant  radius  is  produced  on  the 
PPI.  Excitation  should  be  varied  so  that  the  circular¬ 
ity  of  the  sweep  at  several  diameters  may  be  checked. 
Where  range  is  to  be  determined  from  a  measure  of 
the  spiral  radius,  the  circle  must  be  exact,  but  if  a 
range  recorder  is  used,  circularity  of  the  spiral  is  not 
so  important. 

Due  to  the  higher  tangential  speed  of  the  electron 
beam  at  the  outer  edge  of  the  scope,  the  trace  will  be 
less  intense  there  than  at  the  center,  if  no  compensat¬ 
ing  method  is  employed.  Where  compensation  is 
used,  it  should  be  checked  by  observing  the  uniform¬ 
ity  of  the  spiral  intensity  with  the  PPI  screen.  Obser¬ 
vation  of  the  intensity  at  the  end  of  the  spiral  should 
be  sufficient  to  check  the  beam  intensity. 

The  deflection  of  the  electron  beam  in  the  cathode- 
ray  tube  is  affected  by  stray  60-  and  120-cycle  fields 
around  the  tube  and  deflection  circuits.  This  is  made 
evident  by  the  periodically  uneven  spacing  of  the 
turns  of  the  sweep,  which,  in  the  high-speed  scanning 
system  where  the  turns  arc  very  close  together,  may 
produce  the  apparent  effect  of  uneven  brightening. 

The  focus  and  intensity  controls  for  the  indicator 
tube  should  be  checked  to  make  sure  that  the  oper¬ 
ating  position  is  near  the  center  of  the  potentiometer 
and  that  there  is  sufficient  range  on  both  sides  of  the 
operating  position  to  allow  for  variations  which 
might  arise  from  changes  in  line  voltage,  from  sur¬ 
rounding  light  conditions,  etc.  The  receiver  should 
overload  by  the  time  the  intensity  of  the  scope  trace 
reaches  its  greatest  value. 

If  the  indicator  under  test  has  an  electronic  cursor, 
this  should  also  be  observed  to  be  sure  that  it  follows 
properly  and  has  the  right  intensity  limits. 

The  blanking  pulse  usually  applied  to  the  cathode 
of  the  PPI  tube  should  be  checked  with  an  oscillo¬ 
scope  to  see  that  the  pulse  is  of  the  proper  duration 
and  amplitude  to  produce  blanking  of  the  scope  dur¬ 
ing  the  return  of  the  spiral  and  pinging  period,  and 
for  the  reverberation  immediately  following  the  ping, 
if  that  is  desired.  Tests  for  checking  the  timing  of  this 
pulse  in  relation  to  the  sweep  arc  discussed  in  the 
next  section. 

8-7-2  Checking  Mechanical  Parts 

The  various  mechanical  features  incorporated  in 
the  indicator  should  be  inspected.  All  the  gear  trains 


should  be  checked  to  be  sure  that  there  is  no  rough¬ 
ness  or  stickiness  and  backlash.  This  can  be  done  by 
operating  all  knobs  and  motor-driven  parts  and  turn¬ 
ing  them  several  revolutions.  Any  stickiness  should 
be  readily  noticed.  The  servo  systems  are  most  easily 
tested  by  applying  a  step  function  to  their  input.  A 
step  function  for  a  position  type  of  servo  consists  of  a 
rapid  displacement,  that  is,  quick  movement  from 
one  position  to  another  without  any  movement  im¬ 
mediately  before  or  after.  A  properly  adjusted  servo 
system  will  follow  this  movement  rapidly,  coming  to 
a  stop  with  a  very  slight  overshoot. 

The  servo  system  is  out  of  adjustment,  however,  if 
it  comes  to  the  final  position  slowly,  overshoots  ex¬ 
cessively,  oscillates  about  the  final  position,  or  comes 
to  an  incorrect  final  position.  If  the  final  position 
reached  by  any  mechanically  driven  part  varies  when 
the  position  is  approached  from  different  directions, 
there  is  backlash. 

The  indicator  should  be  allowed  to  run  for  several 
hours  to  check  any  possible  overheating  of  the  equip¬ 
ment.  Various  circuit  components  should  also  be 
checked  for  excessive  temperature  rise  to  make  cer¬ 
tain  all  arc  properly  designed. 

The  a-c  supply  line  voltage  should  be  varied  over 
the  range  tolerated  in  the  design  to  check  the  opera¬ 
tion  of  the  electronic  circuits.  Changes  of  intensity 
and  focus  of  the  beam,  or  variations  in  the  radius  of 
the  spiral  sweep,  etc.,  with  variation  in  the  line  volt¬ 
age  should  be  noted  and  corrected.  With  proper  de¬ 
sign  and  construction,  slow  variations  in  line  voltage 
should  have  little  effect  on  the  intensity  or  focus  of 
the  beam  or  on  the  spiral-sweep  rate. 

8  8  SWEEP  CIRCUIT  AND  KEYING 
CIRCUIT  TESTS 

Various  factors  which  influence  the  performance 
of  the  sweep  and  keying  circuits  are  noise  (including 
hum  and  signal  harmonics),  changes  in  line  voltage 
and  frequency,  temperature,  humidity,  change  of 
components,  stray  fields,  and  switching  operations  in 
other  parts  of  the  equipment. 

For  many  tests  on  these  circuits,  a  d-c  voltmeter  and 
a  Ballantine  voltmeter  covering  the  sonic  range  are 
adequate.  The  most  useful  instrument  however  is  a 
CRO,  since  with  it,  wave  form,  length  and  amplitude 
of  pulses,  and  synchronism  between  pulses  are  all 
measured.  For  certain  measurements  on  time  inter¬ 
vals,  a  time  interval  meter  is  useful. 
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8  81  Sweep  Circuit  Tests 

The  PPI  sweep  should  be  circular  and  accurately 
centered  on  the  screen.  Its  radius  should  increase 
linearly  with  time  and  the  flyback  period  must  be 
synchronized  with  the  transmitting  interval.  To  de¬ 
termine  the  general  performance  of  the  spiral  sweep, 
an  inspection  of  the  indicator  display  is  necessary.  If 
a  low-frequency  voltage  is  applied  to  the  PPI  bright¬ 
ening  grid,  certain  individual  spirals  of  the  sweep, 
depending  upon  the  brightening  frequency,  can  be 
made  to  stand  out  so  that  both  their  circularity  and 
linearity  of  spacing  are  checked.  If  the  spiral  is  not 
circular,  tests  should  be  made  for  stray  electrostatic 
and  magnetic  fields,  and  shielding  provided  when 
necessary.  With  a  device  such  as  the  dynamic  moni¬ 
tor,  or  another  delayed  pulser,  an  approximate  check 
can  be  made  of  the  performance  of  the  range-deter¬ 
mining  circuits  as  well  as  of  the  effect  of  ping  rate 
upon  range  and  bearing  indications.  Stability  of 
equipment  for  both  slow  and  rapid  changes  of  line 
frequency  and  voltage  should  be  observed.  Perform¬ 
ance  tests  with  vacuum  tubes  and  other  components 
that  may  be  replaced  during  the  life  of  the  equipment 
should  be  made  with  components  having  values  at 
both  limits  of  the  tolerance. 

Sawtooth  Sweep  Linearity  Tests 

Relatively  few  tests  have  to  be  made  to  determine 
the  linearity  of  the  sawtooth  sweep  circuits,  and  since 
only  approximate  linearity  is  necessary,  the  tests  con¬ 
sist  largely  of  observations  made  with  a  CRO,ls 

Electronic  sawtooth  sweeps  of  the  capacitor-charg¬ 
ing  type  were  designed  to  be  linear  over  a  voltage 
range  from  10  per  cent  to  90  per  cent  of  the  B+  volt¬ 
age  supply,  with  an  error  in  linearity  of  from  2  per 
cent  to  much  less  than  1  per  cent.10' 17’ ls  In  any  of  the 
capacitor-charging  electronic  sweeps,  the  deviation 
from  linearity  can  be  computed  from  the  change  in 
the  charging  current  with  sweep  amplitude.  The 
charging  current  can  be  determined  by  measuring  the 
voltage  across  the  charging  resistor  through  which  the 
current  flows.  If  this  voltage  remains  constant,  the 
charging  current  will  be  constant  and  the  sweep  will 
be  linear.  If  the  charging  current  dies  off  exponen¬ 
tially,  the  extent  of  deviation  from  linearity  of  the 
sweep  can  be  computed  from  the  various  voltage 
measurements  by  a  method  outlined  in  Puckle’s  Time 
Bases.19 


Measurements  of  the  sawtooth  varying  voltage  it¬ 
self,  with  the  usual  test  instruments,  are  useful.  A 
peak  voltmeter  is  satisfactory  in  measuring  the  start 
and  finish  of  the  sawtooth  voltage. 

Static  measurements  are  of  some  value  in  testing 
for  linearity.  If  the  supply,  start,  and  finish  voltages 
are  measured,  the  deviation  from  linearity  may  be 
computed  as  indicated  above.  If  the  system  utilizes  a 
nonlinear  sweep,  with  compensation  in  the  modula¬ 
tor  or  in  some  other  portion  of  the  circuit  to  produce 
a  linear  sweep  on  the  PPI,  static  measurements  re¬ 
lating  sawtooth  sweep  amplitude  to  the  diameter  of 
the  circle  upon  the  face  of  the  cathode-ray  tube  may 
be  helpful  as  an  indication  of  the  direction  and  ex¬ 
tent  to  which  the  sawtooth  sweep  should  deviate  from 
linearity  to  give  a  linear  display. 

A  laboratory  CRO  that  has  a  linear  time  base 
sweep  is  useful  in  checking  sweep  linearity.  If  a  direct- 
coupled  amplifier  is  available,  or  if  the  sawtooth 
sweep  amplitude  is  sufficiently  great  to  be  applied  di¬ 
rectly  to  the  vertical  deflection  plates,  the  sweep  may 
be  viewed  upon  the  screen  of  a  CRO.  The  cathode-ray 
oscillograph  can  also  be  used  to  check  the  sawtooth 
sweep  in  the  ER  system  after  it  has  modulated  the 
circular  sweep,  but  before  the  sweep  is  split  into  poly¬ 
phase  voltages  to  be  applied  to  the  PPL20’ 21 

In  sonar  systems,  the  slow  speed  of  sound  propaga¬ 
tion  makes  it  essential  that  as  little  time  as  possible  be 
lost  between  the  end  of  one  sweep  of  the  spiral  and 
the  beginning  of  the  new  one.  This  means  that  the 
sweep  capacitor  must  be  discharged  at  a  rate  which 
is  considerably  more  rapid  than  its  charging  rate. 
This  is  often  difficult  to  do,  especially  with  the  large 
capacitance  needed  to  obtain  the  necessary  magni¬ 
tudes  of  the  charging  current,  and  because  the  capa¬ 
citors  are  often  oil-fill6d.  Oil-filled  capacitors  are  es¬ 
pecially  undesirable  in  the  sense  that  the  dielectric 
may  be  polarized  to  an  uncertain  extent,  depending 
upon  the  capacitor’s  past  history.  When  oil-filled 
capacitors  are  used  they  should  be  tested  for  this 
defect. 

Circular  Sweep  Tests 

The  circuits  or  equipment  generating  the  circular 
portion  of  the  spiral  sweep  should  be  so  designed  that 
the  phase  of  the  spiral  sweep  is  synchronized  with  the 
scanning  operation  to  within  Yi  degree  or  better, 
since  that  is  the  desired  accuracy  of  the  system.22’  23’  24 
This  degree  of  precision  is  necessary  as  the  precision 
of  the  components  of  the  scanning  equipment  and 
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the  overall  equipment  is  better  than  I  degree.*3,  27 
To  achieve  a  circular  sweep  with  this  degree  of  pre¬ 
cision,  it  is  necessary  that  any  extraneous  signal  pick¬ 
up  in  the  spiral  sweep  circuit  he  about  —30  db.  Such 
extraneous  signals  may  be  those  due  to  a-c  hum,  har¬ 
monics  of  the  circular  sweep  frequency,  noise,  or 
stray  magnetic  fields.  Tests  of  the  circular  sweep 
should  therefore  include  hum,  harmonic,  and  noise 
measurements  to  insure  that  the  level  of  these  spuri¬ 
ous  components  is  sufficiently  low.  Stray  magnetic 
fields  can  be  eliminated  by  either  shielding  the  mag¬ 
netic  circuits  or  removing  the  offending  magnetic  de¬ 
vice  from  the  vicinity  of  the  equipment.20 

With  extraneous  signal  absent,  the  circularity  of 
the  sweep  is  assured  if  each  of  the  polyphase  signals  is 
of  the  same  amplitude  and  of  a  relative  time  phase 
equal  to  the  space-phase  relationship  of  the  deflection 
coils.  In  the  case  of  the  2-phasc  sweep  generator,  both 
the  relative  phase  and  amplitude  of  the  2-phasc  volt¬ 
age  may  be  checked  simultaneously  by  applying  one 
of  the  phase  voltages  to  the  vertical  deflection  plates 
of  a  CRO  and  the  other  to  the  horizontal  deflection 
plates.  The  resulting  Lissajous  figure  is  a  circle  if  the 
two  voltages  are  90  degrees  in  phase  and  of  equal 
amplitude.  If  the  figure  is  not  a  circle,  then  adjust¬ 
ment  should  be  made.  This  test  is  performed  with 
either  a  low-frequency  sawtooth  excitation  or  a  d-c 
excitation  on  the  2-phase  generator  field.  The  phase¬ 
splitting  network  of  a  2-phasc  electronic  sweep  may 
be  tested  by  measuring  the  impedance  of  each  of  its 
components.  If  the  impedance  of  each  branch  is  equal 
to  the  impedance  of  the  opposite  branch,  the  90-de- 
gree  phase-relationships  should  be  accurate.20- 20 

With  the  ER  system,  the  frequency  of  the  switch¬ 
ing-line  oscillator  is  adjusted  so  that  the  time  taken 
for  a  pulse  to  travel  through  the  switching  line  is  ex¬ 
actly  equal  to  the  period  of  one  oscillation,  and  hence 
the  scanning  beam  of  sensitivity  rotates  uniformly 
without  a  jump  between  the  elements  attached  to  the 
beginning  and  end  of  the  switching  line.  This  fre¬ 
quency  is  maintained  at  a  constant  level  by  a  closed- 
cycle  control  consisting  of  a  discriminator  attached 
to  the  beginning  and  end  of  the  switching  line,  and  a 
frequency-controlled  oscillator  (see  Chapter  7).  The 
performance  of  this  frequency  control  is  checked  by 
opening  the  cycle  at  any  point,  inserting  a  signal  into 
the  sections  following  this  point,  and  measuring  the 
response  at  the  other  side  of  the  opening.  A  high 
ratio  of  response  to  signal  is  desirable,  as  it  provides 
a  stiff  control  system  that  keeps  the  frequency  accu¬ 


rate.  In  the  Models  1  and  2  of  the  submarine  system 
the  stiffness  was  approximately  50.  The  measurement 
is  most  easily  made  at  some  point  between  the  output 
of  the  discriminator  and  the  input  to  the  reactance 
tube.  A  high-resistance  voltmeter  (sensitive  to  1/100 
volt)  is  used  for  this  measurement.  The  proper  oper¬ 
ating  potential  for  the  line  connecting  the  discrimi¬ 
nator  to  the  reactance  tube  is  zero  volts  at  the  operat¬ 
ing  frequency. 

The  3-phase  circular  sweep  system  used  in  CR 
sonar  is  more  difficult  to  test  since  3-phase  deflection- 
coil  cathode-ray  oscilloscopes  are  not  in  common  use. 
However,  it  might  be  possible  to  change  to  a  2-phase 
sweep  system  by  means  of  Scott-connected  trans¬ 
formers  so  that  an  ordinary  cathode-ray  oscilloscope 
could  be  used. 

At  HUSL  the  synchro  generator,  used  for  generat¬ 
ing  the  3-phasc  voltages  for  the  spiral  sweep,  was 
tested  statically  for  phase  and  amplitude  accuracy  in 
the  following  manner.  Its  rotor  field  was  connected 
to  a  60-cyclc  voltage  source  and  its  stator  was  con¬ 
nected  to  a  GT  synchro  of  known  accuracy.  The  test 
for  phase  accuracy  was  to  turn  the  CT  synchro  until 
the  voltage  at  its  rotor  terminals  was  0  degrees,  and 
then  to  read  its  angular  position,  which  should  corres¬ 
pond  within  1/2  degree  to  the  angular  position  of  the 
generator.  After  this  point  was  found,  the  CT  rotor 
was  turned  through  90  degrees  and  a  notation  was 
made  of  the  amplitude  of  the  voltage  across  its  rotor 
terminals.  After  the  above  procedure  is  repeated,  the 
amplitude  of  this  voltage  should  be  the  same  for  all 
90-degree  test  positions.  A  polyphase  generator  that 
responds  properly  to  the  above  tests  should  generate 
a  satisfactory  circular  sweep. 

The  complete  spiral-sweep  generating  system,  to¬ 
gether  with  deflection  coils  around  the  cathode-ray 
tube,  is  tested  as  a  unit.  Two  tests  may  be  made.  The 
purpose  of  the  first  is  to  insure  that  bearing  indica¬ 
tion  is  independent  of  the  radius  of  the  sweep.  This 
can  be  done  by  attaching  a  pulse-forming  device  to 
the  shaft  of  the  scanning  commutator  and  applying 
the  resultant  pulse  to  the  brightening  circuit  of  the 
PPI  tube  while  the  sweep  is  spiraling  out.  The  pulse¬ 
forming  apparatus  may  be  a  contactor  that  makes 
contact  for  only  a  degree  or  so  during  each  revolution 
of  the  commutator.  Correct  operation  of  the  sweep- 
generating  system  is  indicated  if  the  brightened  spot 
on  the  screen  appears  always  at  the  same  angular 
region  of  the  spiral  sweep. 

In  the  second  test  the  linearity  of  the  expansion  of 


CONFIDENTIAL 


SWEEP  CIRCUIT  AND  KEYING  CIRCUIT  TESTS 


417 


the  spiral  in  the  overall  system  may  be  ascertained 
by  applying  a  low-frequency  brightening  signal  to  the 
grid  of  the  cathode-ray  tube,  so  that  approximately 
ten  rings  of  the  spiral  sweep  are  brightened  and  ap¬ 
pear  on  the  screen.  If  these  rings  are  evenly  spaced  the 
expansion  of  the  spiral  is  linear.30-  31  - 32 

In  the  case  of  a  circular  sweep  generated  by  mecha¬ 
nical  means,  a  check  was  made  to  see  that  there  was 
no  whip  or  backlash  in  the  mechanical  coupling. 
Tests  on  the  commutator  driving  motor  were  made 
to  check  its  constancy  of  speed  with  normal  changes 
of  line  voltage.33-34-  3r> 

8-8-2  Timing  Circuit  Tests 

In  the  testing  and  adjusting  of  timing  circuits,  par¬ 
ticularly  during  their  operational  intervals,  care 
should  be  exercised  in  using  time-interval  measuring 
equipment  and  methods  that  are  sufficiently  accurate 
for  the  specific  application.  A  clock  offers  a  conven¬ 
ient  means  of  measuring  the  time  intervals  between 
such  current  operations  as  keying  pulses,  provided 
these  pulses  do  not  occur  at  too  rapid  a  rate  to  be 
counted  over  a  fixed  period.  A  special  instrument, 
such  as  a  time-interval  meter  may  be  used  where  the 
time  interval  is  too  short  for  the  foregoing  method  to 
be  employed.  A  timer  of  the  contact  type,  driven  by 
a  synchronous  motor  that  is  fed  from  a  power  source 
of  known  constant  frequency,  may  also  be  used.38 
This  equipment  should  have  contacts  that  open  and 
close  accurately  at  intervals  corresponding  to  the  de¬ 
sired  operational  interval  of  the  device  being  tested. 

A  slight  modification  of  this  type  of  device  exists 
already  in  the  chemical  recorder.  Since  its  motor  runs 
at  constant  speed  when  connected  to  a  reasonably 
stable  power  supply,  the  recording  pen  also  moves  at 
constant  speed  and  the  distance  it  travels  on  the  paper 
is  directly  proportional  to  time.  This  method  is  suffi¬ 
ciently  accurate  for  measuring  the  ping  interval. 
When  it  is  not  possible  to  synchronize  the  recorder 
with  the  device  being  tested,  the  recorder  may  be  set 
to  a  time  interval  longer  than  the  time  interval  being 
measured,  so  that  a  pair  of  marks  will  be  made  dur¬ 
ing  each  trace  of  the  recorder.  Then,  for  a  known  vel¬ 
ocity  of  pen  travel,  the  distance  between  this  pair  of 
marks  is  a  measure  of  the  time  interval,  and  the  con¬ 
sistency  of  this  length  with  repeated  trips  across  the 
paper  is  a  measure  of  the  precision  of  the  time  in¬ 
terval.18 

There  are  several  types  of  electronic  circuits  that 


may  be  used  for  measuring  time  intervals;  one  of 
these  is  a  calibrated  trigger  circuit,  or  relaxation  oscil¬ 
lator,  with  a  stabilized  power  supply.  This  may  be 
used  as  a  time  divider  for  measuring  a  short  in¬ 
terval.37 

Another  electronic  method  of  securing  known  time 
intervals  uses  an  integrator  circuit  equipped  with  an 
on-off  switch.  With  constant  input,  the  value  of  the 
integral  is  directly  proportional  to  the  time  when  the 
input  is  applied.  This  mechanism  is  usually  a  device 
for  charging  a  capacitor  with  a  meter  attached  for 
reading  the  final  charge  upon  the  capacitor.  The  de¬ 
vice  under  test  is  used  to  switch  the  integrating  circuit 
on  and  off. 

A  third  electronic  device  for  determining  time  in¬ 
tervals  is  the  stabilized  oscillator  and  counter.  The 
oscillator  may  be  operated  at  any  convenient  audio 
frequency;  800  cycles  is  most  convenient,  however, 
since  each  cycle  corresponds  to  one  yard  of  sound 
travel  in  water.  The  oscillator  frequency  is  stabilized 
by  some  means  such  as  a  tuning  fork.  Circuit  connec¬ 
tions  may  be  made  so  that  the  beginning  and  end  of 
the  pulse  front  the  circuit  being  tested  switch  the 
oscillator  into  and  out  of  an  electronic  counter.  The 
indicated  count  then  gives  the  time  interval,  in  milli¬ 
seconds,  microseconds,  or  “range  yards”  of  the  pulse 
produced  by  the  circuit  under  test. 

The  precision  with  which  the  keying  circuit  de¬ 
termines  the  ping  interval  may  be  affected  by  power- 
supply  voltage,  temperature,  humidity,  and  change  of 
components.  The  above  tests  should  be  made  with 
these  quantities  varied  so  as  to  meet  the  extreme  con¬ 
ditions  under  which  operation  is  expected.38 

The  correctness  of  the  sequence  in  a  system’s  keying 
operations  can  be  checked  rather  completely  by  turn¬ 
ing  the  equipment  on  and  observing  its  operation. 
Such  things  as  bounce  and  double  keying  of  relays 
can  be  observed  by  connecting  a  cathode-ray  oscillo¬ 
scope  with  a  slow  time-base  sweep  across  the  contact 
of  the  relay  under  test.  The  synchronization  of  the 
ping  with  the  blanking  pulse  may  be  tested  by  apply¬ 
ing  both  inputs  simultaneously  into  the  vertical  de¬ 
flection  input  of  a  CRO.  Two  1-megohm  resistors  are 
attached  to  the  input  terminal  of  the  scope;  the 
blanking-pulse  lead  is  connected  to  one  of  these,  and 
a  lead  wire  connected  to  the  other  is  placed  in  such  a 
position  that  it  picks  up  stray  energy  from  the  trans¬ 
mitter.39  Other  functions  that  should  occur  simulta¬ 
neously,  or  within  a  short  time  of  each  other,  can  be 
checked  by  the  same  method.  The  sweep  rate  of  the 
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CRO  may  he  calibrated  against  the  60-cycle  power- 
supply  frequency  so  as  to  give  a  rough  indication  of 
the  time  interval  between  events  or  of  the  duration  of 
an  event.  In  testing  the  range-change  switch,  the  only 
test,  other  than  simply  trying  it  with  the  equipment 
on,  is  to  check  for  continuity  of  the  proper  circuits  for 
each  switch  position.  Tests  of  local  keying,  recorder 
keying,  hand  keying,  and  interlocking  of  dual  systems 
are  best  made  by  trying  out  the  complete  systems.  If 
there  are  no  extraneous  marks  upon  the  PPI  scope, 
the  various  timing  and  interlocking  functions  are 
being  performed  correctly.40 

The  transmitted  pulse  length  can  be  checked  by 
allowing  the  screen  to  be  brightened  by  the  transmis¬ 
sion  of  the  ping,  with  the  ordinary  spiral  sweep  tip- 
plied.  Proper  ping  length  is  indicated  by  a  circle  of 
brightening  with  no  gap  and  with  only  a  slight 
amount  of  overlap.41 

The  brightening  and  blanking  pulses  may  be 
checked  by  means  of  a  scope  and  a  peak-and-trough 
voltmeter.  The  CRO  is  used  to  measure  the  duration 
of  the  pulse  while  the  peak-and-trough  voltmeter  is 
used  to  measure  its  amplitude.  When  only  a  peak 
voltmeter  is  available,  it  may  be  used  to  read  the  neg¬ 
ative  peak  voltage  from  a  reference  level  above  that 
of  the  voltage  to  be  measured.31* 

8  8  3  Range  Determination 

Test  requirements  to  determine  the  accuracy  of 
range-determining  devices  have  become  more  strin¬ 
gent  as  the  need  for  greater  accuracy  has  increased. 
The  permissible  error  allowed  for  a  scanning  sonar 
system  is  at  present  ±  15  yards,  a  quantity  which  is 
determined  by  the  depth-charge  pattern.28  For  a  sub¬ 
surface  ship  the  permissible  error  is  only  ±  5  yards, 
and  this  is  dependent  upon  the  recpiisitc  accuracy  of 
the  information  received  by  the  torpedo  data  com¬ 
puter.22'24 

The  accuracy  of  range  determination  obtainable 
with  the  earl)’  systems  was  inherently  limited  by  the 
speed  of  rotation.42  In  the  original  MR  sonar,  range 
determination  was  probably  accurate  to  within  ±  200 
yards.  In  the  latest  ER  sonar,  the  rotation  rate  in¬ 
herently  limits  the  range  determination  to  ±  I  yard, 
or  even  less,  but  the  sound  path  in  the  water  is  so  un¬ 
certain  that  the  inherent  error  in  sound  transmission 
is  more  than  the  ±  I -yard  limit. 

Early  in  the  development  of  scanning  sonar  it  be¬ 
came  apparent  that  some  method  of  testing  the  entire 


system  was  needed.1'"  "I  bis  resulted  in  the  develop¬ 
ment  of  the  dynamic  monitor,43  which  may  be  used 
as  an  approximate  means  of  checking  the  accuracy  of 
the  less  precise  range-determining  systems. 

With  present  more  accurate  systems,  the  stable 
oscillator  with  electronic  counter  is  preferable;  an 
800-cycle  frequency  is  most  convenient  since  each 
cycle  corresponds  to  one  yard  of  sound  travel  in  water. 

"Flic  types  of  range-determining  devices  which  may 
have  to  be  tested  are: 

1.  Those  in  which  there  is  no  marking. 

2.  Those  in  which  a  separate  recorder  is  used. 

.H.  Those  in  which  fixed  range  circles  are  used. 

4.  Those  in  which  a  range  caliper  is  used. 

There  arc  certain  tests  which  arc  specially  adapted 
to  each  type  of  device.  For  the  system  in  which  there 
are  no  range  marks  on  the  face  of  the  PPI,  the  best 
test  for  linearity  and  total  range  determination  is  to 
apply  a  signal  of  either  80  or  8  cycles  (10-  or  100-yard 
intervals)  to  the  brightening  grid  of  the  cathode-ray 
display  tube.  Coordination  of  the  display  with  the 
beam  is  tested  best  with  the  dynamic  monitor,  or 
some  kind  of  calibrated  delaycd-pulsing  device.  The 
same  Iow-frcqucncy  brightening  method  ran  be  used 
to  determine  the  scale  accuracy  of  the  chemical  re¬ 
corder  if  the  oscillator  frequency  is  known  with  a  fair 
degree  of  accuracy.  The  latter  quantity  can  be  de¬ 
termined  with  some  precision  by  using  a  chemical 
recorder  as  a  time  divider.  This  is  done  by  determin¬ 
ing  the  number  of  cycles  of  the  oscillator  for  one  com¬ 
plete  cycle  of  the  recorder.  'Flic  former  quantity  is 
equal  to  the  total  number  of  marks  upon  the  forward 
travel  of  the  recorder,  plus  the  number  of  cycles  of  the 
oscillator  while  the  recorder  is  flying  back  and  re¬ 
starting.  The  time  for  one  cycle  of  the  recorder  is  de¬ 
termined  by  counting  the  number  of  cycles  that  occur 
in  some  specific  interval  of  time— ten  minutes,  for  ex¬ 
ample-measured  by  an  accurate  timepiece. 

In  the  case  of  fixed  range  circles,  the  interval  be¬ 
tween  markings  may  be  determined  by  the  oscillator 
in  the  scanning  sonar  system,  and  it  is  necessary  to 
determine  only  the  frequency  of  that  oscillator. 

The  caliper  type  of  range-determining  system  is 
tested  by  using  certain  key  points  whose  ranges  are 
easily  determined  or  which  occupy  strategic  points  on 
the  range  dial.18-  3n' 44 

A  simple  method  of  aligning  the  electronic  timing 
and  range-marking  circuits  has  been  worked  out  for 
the  XOHA  submarine  sonar  system.  It  requires  only 
a  high-resistance,  low-range  voltmeter,  and  an  accu- 
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rate  time  standard  such  as  a  chronometer.  This  is  de¬ 
scribed  in  the  above  references. 

To  insure  adequate  operation  of  the  equipment 
under  all  possible  operating  conditions,  tests  of  the 
accuracy  of  the  range-determining  devices  should  be 
made  under  the  expected  conditions  of  operation. 
These  include  high  and  low  line  voltage  (±  20  volts 
on  115-volt  line),  high  and  low  power-supply  fre¬ 
quency  (from  50  to  70  cycles),  high  humidity,  and/or 
high  temperature. 

8  8  4  Sweep  Tests  for  BDI 

The  sweep  tests  for  the  BDI  used  with  the  scanning 
sonar  system  are  similar  both  to  those  given  above  for 
the  other  sweep  circuits  and  to  the  tests  given  to  the 
standard  BDI.  The  linearity  of  the  sweep  is  checked 
by  60-cycle  modulation,  and  the  interval  is  checked 
by  a  timer.  In  the  past  the  timer  has  been  built  into  a 
small  box  consisting  of  a  control  circuit  and  a  thyra- 
tron,  and  calibrated  by  means  of  a  stop  watch.  The 
first  point  to  be  tested  is  the  range  start,  which  should 
be  the  same  for  each  range  of  the  range-selector 
switch.  Both  the  range  start  and  the  centering  of  the 
display  should  be  reasonably  stable  with  change  of 
line  voltage  and  with  transients  upon  the  line.  A  sig¬ 
nal  sufficient  to  give  a  deflection  on  the  BDI  should 
also  give  brightening;  both  should  occur  on  all  sig¬ 
nals  greater  than  1-microvolt  input.  The  sweep 
should  be  blanked  for  the  return  and  the  duration 
of  any  switching  transients.  The  test  in  this  case  is 
visual  examination. 

8  9  STABILIZATION  TESTS 

When  stabilization  equipment  is  being  installed, 
arrangements  should  be  made  with  the  ordnance 
section  of  the  Navy  Yard  to  have  the  platform  of  the 
stable  element  and  the  shaft  of  the  projector  meas¬ 
ured  with  a  surveyor’s  transit.  The  training  shaft 
should  always  remain  perpendicular  to  the  plane  of 
the  base  of  the  stable  element.  With  proper  care  in 
installation,  the  errors  can  be  held  to  within  five 
minutes  of  angle.  This  work  should  be  done  while 
the  ship  is  in  dry  dock,  preferably  one  not  of  the  float¬ 
ing  type.  Moreover,  it  is  advisable  to  have  a  repre¬ 
sentative  from  the  manufacturer’s  company  present 
while  the  ship  is  still  in  dry  dock  to  supervise  installa¬ 
tion  and  adjust  the  gyro  balance  in  the  stable  element. 

Before  a  test  of  the  operation  of  the  entire  stabili¬ 


zation  system  is  attempted,  a  complete  wiring  check 
should  be  made  from  point  to  point.  Particular  care 
should  be  taken  to  check  the  synchro  connections 
throughout  the  system;  as,  for  example,  to  ascertain 
that  the  S,,  S2,  and  Ss  wires  from  the  generator  are 
connected  to  .S',,  S.2  and  S3,  respectively,  on  each  re¬ 
ceiver.  After  all  wiring  checks  have  been  made,  all 
synchros  should  be  adjusted  to  make  the  electrical 
zeros  of  the  synchros  correspond  to  the  mechanical 
zeros  of  the  system.45 

After  the  wiring  and  synchros  have  been  checked, 
normal  tests  for  aligning  the  stable  element  should  be 
made  according  to  the  instruction  book  published  by 
the  manufacturer.  Directional  tests  should  then  be 
carried  out  to  determine  whether  or  not  the  system  is 
stabilizing  in  the  proper  direction.  The  system  should 
be  followed  through  step  by  step,  from  the  control 
handwheels  through  the  stable  element  and  trun¬ 
nion-tilt  corrector  to  the  training  shaft  of  the  trans¬ 
ducer  and  the  commutators.  The  procedure  can  best 
be  explained  by  describing  the  steps  used  in  check¬ 
ing  this  part  of  the  integrated  Type  B  sonar  (Chap¬ 
ter  6),  which  are  as  follows: 

1.  Set  the  ship’s  compass  at  zero.  Set  the  true-target- 
bearing  dials  on  the  indicators  at  zero.  The  stable 
element  train-indicator  dial  should  now  read  000  de¬ 
grees.  If  it  does  not,  check  the  alignment  of  the  deck- 
tilt  corrector  synchros.  The  signal  input  to  the 
trunnion-tilt  corrector  should  be  0  degrees.  If  this  is 
not  true,  check  the  zero  of  the  1-  and  36-speed  train- 
order  synchros  in  the  base  of  the  stable  element.  The 
voltage  across  the  S',  and  S3  leads  of  each  of  these  syn¬ 
chros  should  be  0  volts. 

2.  An  increasing  train  angle  should  rotate  the 
stable  element  yoke  clockwise.  If  it  does  not  rotate 
clockwise,  reverse  the  leads  S’,  and  S3  on  both  1-  and 
36-speed  deck-tilt  corrector  synchros.  The  direc¬ 
tor-train  receivers  in  the  trunnion-tilt  corrector 
should  now  rotate  clockwise.  If  the  stable  element 
yoke  rotates  correctly  but  the  receivers  in  the  trun¬ 
nion-tilt  corrector  do  not,  reverse  the  S',  and  S3  leads 
of  the  1-  and  36-speed  train-order  synchros  in  the 
base  of  the  stable  element. 

3.  Set  the  stable  element  on  0  degrees  train.  Facing 
the  aft  end  of  the  stable  element,  exert  a  light  down¬ 
ward  pressure  against  the  left  side  of  the  gyro.  The 
level  ring  top  will  move  toward  the  aft  end  of  the 
stable  element.  The  input  to  the  trunnion-tilt  cor¬ 
rector-sonar  depression  receiver  should  now  de¬ 
crease.  This  can  be  read  on  the  small  dial  inside  the 
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top  cover.  Exert  a  light  downward  pressure  against 
the  right  side  of  the  gyro.  The  sonar  depression  re¬ 
ceiver  on  the  trunnion-tilt  corrector  should  now  re¬ 
verse  and  the  reading  on  the  dial  should  increase.  If 
the  above  operations  arc  reversed,  interchange  leads 
.S',  and  Sj  of  both  the  2-  and  36-spced  level  synchros  in 
the  stable  clement. 

4.  Exert  a  light  downward  pressure  on  the  aft  side 
of  the  gyro.  The  cross-level  ring  will  rotate  clockwise. 
The  reading  of  the  cross-level  receiver  dial  in  the 
trunnion-tilt  corrector  will  increase  in  value.  Exert  a 
light  downward  pressure  against  the  forward  side  of 
the  gyro.  The  cross-level  ring  will  rotate  counter¬ 
clockwise.  The  cross-level  receiver  dial  reading  will 
decrease  in  value.  If  the  cross-level  dial  in  the  trun¬ 
nion-tilt  corrector  does  not  follow  these  changes,  re¬ 
verse  leads  .S’,  and  ,S\  of  both  cross-level  synchros  in  the 
stable  element. 

After  the  tests  have  been  made  on  the  stable  cle¬ 
ment,  the  inputs  to  the  trunnion-tilt  corrector  will 
have  the  proper  polarity  and  the  outputs  of  the  trun¬ 
nion-tilt  corrector  transmitters  will  be  rotating  in  the 
proper  manner.  However,  the  direction  of  rotation  of 
the  transducer  shaft  may  be  reversed.  This  can  be 
changed  by  reversing  the  .S’,  and  .S’,  leads  on  the  CT 
synchro  attached  to  the  transducer  shaft.  The  com¬ 
mutators  for  depressing  the  beam  may  be  corrected 
in  a  similar  manner  to  reverse  the  direction  of  their 
servos. 

8-9-‘  Indicator  Panel 

The  26-kc:  depth-scanning  sonar  aboard  the  USS 
Cythera  had  an  indicator  panel  associated  with  it 
containing  synchros  that  were  connected  to  repeat 
the  various  functions  involved  in  the  stabilization  of 
the  sonar  equipment.  It  was  planned  that  this  panel 
would  give  information  to  determine  the  static  dis¬ 
placement  errors  between  given  points.  A  movie 
camera  was  to  be  used  to  photograph  the  panel  and 
any  one  frame  of  the  film  would  indicate  the  dynamic 
displacement  error.  For  example,  the  relative  bearing 
inserted  at  the  handwheel  was  to  be  repeated  at  the 
indicator  panel  as  were  the  deck-tilt  correction  and 
the  sonar  train  order  from  the  stable  clement  and  the 
trunnion-tilt  corrector  respectively.  Whenever  the 
ship  was  tied  alongside  a  dock,  and  was  in  a  level  posi¬ 
tion,  any  motion  inserted  at  the  handwheel  would 
change  all  three  quantities  by  the  same  amount.  All 
three  values  were  repeated  at  1-  and  36-speed;  there¬ 
fore  the  displacement  error  could  be  indicated  to  an 


accuracy  of  0.06  degree.  This  method  of  indicating 
different  functions  by  recording  on  movie  film  was 
used  to  indicate  the  errors  due  to  different  speeds  and 
accelerations.  The  movie  camera  was  arranged  to 
take  five  frames  per  second,  and  flash  lamps  were  syn¬ 
chronized  with  the  shutter  operation  so  that  the  ex¬ 
posure  time  was  1  /30,000  of  a  second.  This  was  to 
make  it  possible  to  have  the  dials  rotate  at  speeds  in 
excess  of  200  rpm  and  still  have  the  pictures  clear 
enough  to  read  the  dials  down  to  1  degree. 

The  indicator  panel,  as  designed  and  built  by 
HUSL,  included  special  Sperry  synchros  for  the  indi¬ 
cating  units.  This  type  of  voltage  receiver  had  no 
damper;  therefore,  when  a  signal  was  applied,  the 
rotors  would  overshoot,  and  if  the  signal  changed 
direction,  the  voltage  receiver  would  commence  to 
rotate  continuously  as  an  induction  motor.  For  this 
reason,  the  indicator  panel  built  by  HUSL  was  never 
actually  used  aboard  the  Cythera.  The  research  sec¬ 
tion  of  ASDevLant  adopted  the  principle  of  this  in¬ 
dicator  panel  and  designed  a  new  unit  using  small 
dials  mounted  on  standard  size  1  receivers.  It  was  ex¬ 
pected  that  the  inertia  of  the  dials  and  rotors  in  this 
new  panel  would  be  so  low  as  to  cause  no  appreciable 
dynamic  error,  and  therefore  values  could  be  read  to 
0.1  degree.  Informal  reports  indicated  that  it  was 
found  to  operate  with  reasonable  satisfaction. 

In  addition  to  measuring  the  accuracies  of  the 
stable  element  and  associated  equipment,  this 
method  of  measurement  cotdd  be  used  to  measure 
the  roll  and  pitch  of  the  ship  and  overall  accuracy  of 
the  bearing  determination.  By  having  a  moving-pic¬ 
ture  camera  mounted  on  the  bridge  and  having  the 
lens  arranged  to  point  at  the  horizon  with  crossed 
hairlines  in  the  field  of  the  lens,  any  roll  and  pitch 
should  show  up  on  the  film  as  a  displacement  of  the 
horizon  from  the  cross  lines.  Such  arrangements  were 
planned  by  ASDevLant  and  it  was  expected  that  they 
would  be  used  in  measuring  the  performance  of  both 
the  Type  A  and  Type  B  integrated  sonars. 

The  accuracy  of  the  bearing  determination  can  he 
obtained  by  mounting  a  camera  on  a  circular  stand 
designed  similar  to  a  large  pclorus.  By  graduation  of 
the  edge  of  this  table  and  use  of  the  viewfinder  of  the 
camera  as  a  sighting  device,  the  actual  relative  bear¬ 
ing  of  a  submarine’s  periscope  can  be  determined.  If 
a  synchro  repeater  that  repeats  the  sonar  relative 
bearing  is  brought  into  the  field  of  the  camera  lens, 
then  when  a  picture  is  made  it  will  contain  a  record 
of  the  periscope  bearing  and  also  the  dial  of  the  sonar 
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bearing  repeater.  Much  further  study  is  required  on 
this  problem. 

,8-9-2  Artificial  Ship 

In  order  to  test  the  2-axis  stabilization  and  to  make 
accurate  measurements  of  all  functions  of  the  stable 
element  and  the  trunnion-tilt  corrector  under  con¬ 
trolled  conditions,  a  testing  apparatus  was  designed 
and  built,  based  on  equipment  developed  for  a  simi¬ 
lar  purpose  at  the  Radiation  Laboratory  (MIT). 
The  central  portion  of  this  equipment  was  a  Ran- 
some  welding  positioner.  This  unit  positioned  a 
mounting  plate  about  one  axis  and  rotated  this 
mounting  plate  about  an  axis  perpendicular  to  the 
first  axis.  By  positioning  this  mounting  plate  in  a 
vertical  plane,  it  was  possible  to  attach  a  horizontal 
platform  which  could  be  tipped  ±  10  degrees  in  a 
given  direction  and  rotated  ±  30  degrees  in  a  plane 
90  degrees  from  the  original  motion.  Both  motions 
were  power-driven  at  variable  speeds  by  means  of 
a  3-phase  induction  motor  and  a  Worthington  all¬ 
speed  hydraulic  drive.  With  this  arrangement,  the 
pitch  and  roll  of  a  ship  could  be  duplicated  as  sinu¬ 
soidal  motions.  Maximum  pitch  amplitude  could  be 
10  degrees,  with  the  period  varying  from  5  to  10 
seconds.  The  rotary  motion  of  the  table  was  arranged 
to  represent  the  roll  of  the  ship  with  a  maximum 
amplitude  of  ±  30  degrees,  with  periods  varying  from 
5  to  10  seconds.  Both  motions  were  independent  of 
each  other  and  were  not  synchronized,  in  order  that 
various  amplitudes  and  phase  relations  between  the 
two  motions  could  be  obtained. 

In  order  to  get  instantaneous  indications  of  Toll¬ 
and  pitch,  two  synchros  were  attached  to  each  axis 
of  motion  and  were  arranged  to  repeat  roll  and  pitch 
at  1-  and  36-speeds.  If  the  repeater  dials  were  photo¬ 
graphed  with  a  clock  having  a  second  hand,  the 
evaluation  of  roll  and  pitch  could  then  be  plotted 
against  time,  and  the  speed  and  accelerations  could 
be  derived  from  these  curves. 

It  was  originally  intended  to  use  the  synchro  indi¬ 
cator  panel  described  previously  to  repeat  all  the 
values  of  the  stable  element  and  trunnion-tilt  cor¬ 
rector,  in  addition  to  the  roll  and  pitch  repeated  di¬ 
rectly  from  the  positioner.  By  taking  flash  pictures  of 
the  dials  for  a  period  of  one  or  two  minutes,  it  was 
expected  that  all  possible  conditions  of  roll  and  pitch 
phasings  for  given  amplitudes  could  be  obtained. 
This  would  then  be  repeated  for  several  different  am¬ 
plitudes  and  periods  of  roll  and  pitch  corresponding 


to  particular  types  of  ships  such  as  a  destroyer  escort 
or  destroyer.  This  test  unit  was  designed  in  coopera¬ 
tion  with  the  Ransome  Machinery  Corporation  of 
Dunellen,  New  Jersey,  and  was  built  by  them.  How¬ 
ever,  the  delivery  was  extended  from  the  time  origi¬ 
nally  planned,  and  as  the  stabilization  equipment 
had  already  been  installed  aboard  ship,  the  test 
equipment  was  never  used. 

8‘9  3  Attack  Director  Tests 

All  attack  director  tests  were  carried  on  under  the 
supervision  of  ASDevLant.  In  addition  to  two  attack 
aids,  three  different  attack  directors  were  tested  in  a 
total  of  2,993  runs  on  attack  teachers  and  696  runs  at 
sea.  These  three  directors  were  the  Mark  II,  devel¬ 
oped  by  the  Armour  Institute  of  Technology,  the 
Mark  III  attack  director,  built  at  the  Harvard  Under¬ 
water  Sound  Laboratory,46  and  the  Mark  VI,  built 
by  the  Librascope  Corporation  in  cooperation  with 
personnel  from  Naval  Research  Laboratories  [NRL] 
and  the  Bureau  of  Ordnance. 

In  order  to  eliminate  as  many  variables  as  possible, 
a  set  of  54  depth-charge  runs  was  compiled  by  ASDev¬ 
Lant  for  use  with  the  Sangamo  attack  teacher  for 
testing  attack  directors.  These  runs  included  a  large 
variety  of  submarine  maneuvers  ranging  from 
straight  courses  to  runs  involving  submarine  maneu¬ 
vers  after  loss  of  contact.  The  procedure  for  making 
these  tests  was  to  pick  the  runs  at  random  until  the 
entire  set  of  54  runs  had  been  made.  The  cards  de¬ 
scribing  these  runs  were  then  reshuffled  and  the  set 
repeated.  A  fixed  sinking  time  of  28  seconds  was  used 
for  all  runs.  This  time  corresponds  to  a  moderately 
deep  target  if  Mark  VI  charges  are  assumed  and  a 
very  deep  submarine  in  the  case  of  Mark  IX,  Model 
2,  charges. 

The  characteristics  of  the  ship  and  submarine  were 
kept  constant  for  all  trials  on  three  different  directors. 
The  submarine  was  assumed  to  be  a  517-ton  German 
U-boat,  and  the  ship  to  be  a  1,500-ton  destroyer.  All 
tests  were  in  charge  of  highly  trained  officers  with  con¬ 
siderable  experience  in  conning  antisubmarine  at¬ 
tacks.  In  testing  the  different  directors,  complete  at¬ 
tack  teacher  tests  were  made  before  commencing  sea 
trials.  During  all  the  attack  teacher  runs,  the  courses 
of  the  submarine  and  the  attacking  ship  were  plotted 
on  paper.  These  plots  were  preserved  for  later  analy¬ 
sis  to  determine  time  and  lead  errors  as  well  as  total 
error. 
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Sea  tests  of  the  three  different  directors  were  car¬ 
ried  out  aboard  ships  assigned  to  ASDcvLant.  The 
Mark  II  and  Mark  IV  directors  were  tested  aboard  a 
destroyer  escort,  the  USS  Jordan,  while  the  Mark  III 
was  tested  aboard  the  PCE-869.  Sinking  times  of  25  or 
15  seconds  were  employed.  Results  of  the  runs  were 
scored  by  the  OBC  practice  attack  meter.  The  OBC 
readings  were  plotted,  and  time  and  lead  errors  de¬ 
termined  from  the  plot. 

Three  different  types  of  submarine  runs  were  used: 
(1)  straight  course  and  constant  speed;  (2)  restricted 
evasive;  (3)  fully  evasive  maneuvers.  Restricted  eva¬ 
sive  maneuvers  permitted  a  moderate  change  of  speed 
and  a  maximum  change  of  60  degrees  from  the  base 
course.  Fully  evasive  maneuvers  permitted  all  pos¬ 
sible  changes  in  submarine’s  course  and  speed.  Dur¬ 
ing  all  the  sea  trials  the  submarine  was  supposed  to 
operate  at  a  constant  known  depth. 

Of  the  three  directors  tested,  the  Mark  IV,  built  by 
the  Librascope  Corporation,  seemed  to  possess  the 
most  promising  qualifications  for  use  with  the  inte¬ 
grated  sonar  systems.47 

» io  INSTALLATION  TESTS 

s  itu  Introduction  and  Test  Equipment 

After  the  installation  of  a  scanning  sonar  equip¬ 
ment,  the  nature  of  the  equipment  and  its  perform¬ 
ance  must  be  determined  by  a  comprehensive  test 
program.  The  objectives  of  the  test  program  will 
naturally  depend  on  the  type  of  installation. 

This  section  will  describe  first  the  different  view¬ 
points  for  installation  tests  of  scanning  sonar  equip¬ 
ment  on  experimental  ships,  as  used  in  the  field  of 
experimental  development  by  HUSL,  and  on  ships  in 
Navy  service.  A  description  will  then  be  given  of  spe¬ 
cial  test  equipment,  followed  by  a  discussion  of  in¬ 
stallation  tests  on  experimental  ships.  These  latter 
installation  tests  will  then  be  abridged  to  a  test  pro¬ 
gram  suitable  for  routine  service  installations  of  scan¬ 
ning  sonar  equipment  on  Navy  ships. 

On  an  experimental  ship  the  objective  of  installa¬ 
tion  tests  is  to  determine  completely  the  physical 
characteristics  of  the  scanning  sonar  equipment  and 
its  acoustic,  electronic,  electric,  and  mechanical  per¬ 
formance,  and  thus  obtain  information  which  will 
lead  to  an  efficient  direction  of  development  work. 
These  tests  include  tests  of  equipment  components. 
For  example,  the  performance  of  the  receiver  com¬ 


ponent  will  be  known  by  measuring  such  quantities 
as  gain,  dynamic  range,  internal  noise  output,  signal- 
to-noisc  factor,  frequency  response,  sensitivity  to  line 
voltage  changes,  etc.  These  installation  tests  also  in¬ 
clude  measurements  on  the  equipment  as  a  whole, 
such  as  the  measurement  of  the  sound  pressure  level 
of  the  minimum  echo  detectable  by  the  equipment 
under  various  conditions  of  operation.  Operational 
tests  of  one  experimental  installation  will  naturally 
differ  to  some  extent  from  those  of  another  installa¬ 
tion.  For  example,  tests  on  one  installation  may  be 
made  in  order  to  obtain  special  detailed  information 
about  a  component  that  has  been  newly  redesigned. 
A  discussion  of  such  tests  is  omitted  here.  Two  refer¬ 
ences  are  given  which  describe  installation  tests  made 
on  the  Model  XQHA  installation  on  the  USS 
Galaxy  (IX-54).4S' 4I'  For  routine  service  installations 
made  at  Navy  yards,  the  main  objective  of  installa¬ 
tion  tests  should  be  to  insure  that  the  scanning  sonar 
equipment  is  ready  for  operation  and  meets  approved 
Navy  specifications. 

On  an  experimental  ship,  it  is  convenient  to  make 
installation  tests  with  a  calibrated  monitor  trans¬ 
ducer  and  the  following  electronic  equipment:  (1) 
vacuum-tube  voltmeter,  (2)  cathode-ray  oscillograph, 
(3)  audio  oscillator,  and  (4)  a  calibrated  frequency 
standard.  Assuming  that  the  sensitivity  (in  volts  per 
dyne  per  cm2)  of  the  monitor  transducer,  and  the 
sound  pressure  level  (in  dynes  per  cm2  per  volt  out¬ 
put)  at  one  meter  from  the  transducer,  hat  e  been  de¬ 
termined  accurately  for  different  frequencies,  the  use 
of  the  vacuum-tube  voltmeter  permits  acoustic  meas¬ 
urements  in  absolute  units.  The  use  of  the  cathode- 
ray  oscillograph  permits  direct  observation.  The 
monitor  transducer  can  be  operated  as  a  transmitter 
with  a  signal  generator  and  vacuum-tube  voltmeter  to 
put  sound  of  known  intensity  into  the  water,  or  as  a 
receiver  with  the  vacuum-tube  voltmeter  and  cath¬ 
ode-ray  oscillograph  to  pick  up  and  measure  the  in¬ 
tensity  of  sound  that  has  entered  the  water  from  the 
scanning  sonar  transducer,  and  to  observe  its  wave 
form  and  pulse  envelope.  The  setting  of  the  fre¬ 
quency  dial  of  the  audio  oscillator  may  be  checked 
with  the  calibrated  frequency  standard. 

A  monitor  transducer  can  be  suspended  from  the 
ship’s  rail  to  make  installation  tests,  provided  the  fol¬ 
lowing  conditions  exist: 

1.  Ship  is  steady. 

2.  There  arc  no  strong  currents  running. 

3.  There  is  a  fairly  extensive  stretch  of  water  on  at 
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least  one  side  of  the  ship;  there  should  be  no  large 
surface  near  the  ship  to  reflect  the  sound  beam  of  the 
sonar  transducer. 

It  is  necessary  to  suspend  the  monitor  transducer 
vertically  and  in  a  relatively  fixed  position  with  re¬ 
spect  to  the  sonar  transducer  and  to  have  it  remain  so 
in  order  to  obtain  reliable  measurements  (conditions 
1  and  2  above). 

An  installed  monitor  transducer  differs  from  one 
suspended  from  the  ship’s  rail  in  that  the  installed 
transducer  is  mounted  on  a  streamlined  strut  that 
may  be  lowered  through  the  hull  of  the  ship.  This 
mounting  arrangement  allows  testing  of  the  sonar 
equipment  at  any  time,  under  any  conditions  of  oper¬ 
ation  of  the  ship,  and  without  regard  to  conditions  of 
the  sea  or  motion  of  the  ship.  It  also  provides  a  per¬ 
manently  fixed  and  known  reference  point  for  all 
measurements;  that  is,  the  bearing  and  distance  of  the 
monitor  transducer  from  the  sonar  transducer  are 
accurately  known.  The  mounting  arrangement  may 
also  be  so  designed  that  the  installed  monitor  trans¬ 
ducer  can  be  lowered  in  depth  in  order  to  make  tests 
on  the  sonar  equipment  at  variable  depth  angles.  In 
this  case,  the  arrangement  is  known  as  a  “deep  moni¬ 
tor,”  and  is  of  particular  value  in  depth-scanning 
systems. 

Installation  tests  can  also  be  made  by  means  of  a 
sound,  gear  monitor  [SGM]  of  the  OAX  or  OCP 
types.50' 51  Each  of  these  monitors  consists  of  a  hydro¬ 
phone  (suspended  from  a  ship’s  rail)  with  an  elec¬ 
tronic  unit  and  can  be  operated  either  as  a  transmitter 
to  put  sound  of  known  intensity  in  the  water  or  as  a 
receiver  to  pick  up  and  measure  the  intensity  of 
sound  that  has  entered  the  water  from  another 
source.  Such  sound  gear  monitor  equipment  is  not 
so  flexible  in  use  as  the  installed-  or  deep-monitor 
type,  and  therefore  may  not  be  so  useful  on  an  experi¬ 
mental  ship.  However,  they  are  standard  items  of 
Navy  gear,  available  at  installation  yards  and  bases, 
and  are  therefore  useful  for  routine  installation  tests 
on  Service  ships.  The  sound  gear  monitor’s  electronic 
unit  can  be  used  with  either  the  streamlined  strut- 
mounted  transducer  or  with  the  deep-monitor  hydro¬ 
phone. 

The  dynamic  monitor43  is  of  use  in  making  a  spe¬ 
cific  installation  test  which  provides  a  measure  of  the 
overall  operating  performance  of  the  scanning  sonar 
equipment.  The  performance  of  sonar  equipment  is 
influenced  by  its  physical  characteristics,  the  opera¬ 
tor,  the  medium,  and  the  target  characteristic.  The 


dynamic  monitor,  by  eliminating  the  effects  of  the 
last  two  variables  on  the  target  echo,  allows  measure¬ 
ments  to  be  made  from  which  the  figure-of-merit  can 
be  determined.  The  dynamic  monitor  consists  of  a 
monitor  hydrophone  and  an  electronic  unit.  Its  func¬ 
tions  are:  (1)  to  pick  up  from  the  water  the  trans¬ 
mitted  sound  pulse  of  the  sonar  gear  by  use  of  the 
monitor  hydrophone;  (2)  to  measure  the  sound  pres¬ 
sure  of  this  transmitted  pulse;  (3)  to  generate  a  small 
artificial  echo,  after  an  appropriate  time  delay,  and 
put  it  into  the  water  by  use  of  the  monitor  hydro¬ 
phone;  and  (4)  to  measure  the  sound  pressure  of  this 
echo.  The  artificial  echo  is  in  the  form  of  a  pulse, 
rather  than  a  continuous  sound  signal,  and  is  adjust¬ 
able  in  pulse  duration,  intensity,  frequency,  and 
range.  Echo  range  corresponds  to  the  appropriate 
time  delay. 

The  portable  polar  chart  recorder4  may  be  used  to 
plot  automatically  on  polar  graph  paper  the  signal 
level  as  received  through  the  transducer  and  commu¬ 
tator  as  a  function  of  the  bearing  angle  of  the  echo 
source  from  the  sonar  transducer. 

The  split  projector  test  unit  [SPTU]32  is  a  spe¬ 
cial,  portable  test  device  for  testing  and  evaluating 
the  performance  characteristics  of  sonar  projectors 
that  are  split  for  use  with  the  bearing  deviation  indi¬ 
cator.  The  SPTU  comprises  essentially  the  input  cir¬ 
cuits  of  a  standard  BDI  auxiliary  unit  (HUSL  Models 
X-3  and  X-4)  up  to  and  including  the  lag  line.  Auxili¬ 
ary  equipment  includes  a  suitable  generator  such  as 
a  sound  gear  monitor;  a  measuring  amplifier  and  in¬ 
dicator,  which  may  be  the  amplifier  unit  of  a  monitor 
or  a  sonar  gear  receiver;  and,  under  certain  condi¬ 
tions,  a  filter  junction  box.  Tests  that  can  be  made  on 
a  split  projector  with  the  SPTU  include  measuring 
directivity  patterns  and  determining  the  BDI  deflec¬ 
tion  curve. 

8.10.2  Installation  Tests  on  Experimental 
Ship 

Preliminary  Installation  Tests 

A  desirable  arrangement  of  preliminary  tests  fol¬ 
lows: 

1.  Inspect  units  visually,  looking  for  obvious  de¬ 
fects  in  wiring,  missing  parts,  loose  parts,  etc. 

2.  Check  the  continuity  of  interconnecting  cables 
between  units,  and  of  the  ground  wiring  system. 

3.  Measure  the  resistance  to  ground  of  each  ele- 
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ment  of  the  transducer  after  it  has  been  in  the  water 
for  at  least  several  hours. 

4.  Measure  the  a-c  power-supply  voltages. 

5.  Close  the  main  power  switch,  and  then  set  to  the 
on  position  the  power  switches  of  all  units,  except  the 
transmitter  unit. 

6.  Check  the  sequence  of  operation  of  all  scnd-rc- 
ceive  devices  to  avoid  the  following  improper  condi¬ 
tions: 

a.  The  short-circuiting  of  the  transmitter  during 

the  ping  interval. 

b.  The  applying  of  transmitter  output  power  to 

receiving  units  during  the  pinging  interval. 

7.  Check  roughly  the  receiving  response  of  the 
scanning  sonar  equipment  to  sound  put  into  the 
water  by  the  use  of  a  monitor  transducer  and  an 
oscillator. 

8.  Set  the  power  switch  of  the  transmitter  to  the  on 
position. 

9.  Check  the  apparent  normalcy  of  operation  of  all 
functional  controls.  If  there  is  no  obvious  (visual  or 
audible)  evidence  of  improper  operation  of  the  scan¬ 
ning  sonar  equipment,  then  further  installation  tests 
may  be  made. 

8  I#-3  Transmission  Tests 

To  make  sure  that  the  transmitter  and  transducer 
are  operating  at  highest  efficiency  during  transmis¬ 
sion,  it  is  desirable  first  to  tune  the  transmitter.  Trans¬ 
ducer  tests  before  installation  are  assumed  to  have  al¬ 
ready  determined  the  correct  center  operating  fre¬ 
quency,  which  is  usually  taken  as  that  frequency  for 
which  the  transducer  is  most  sensitive  in  reception. 
The  frequency  control  dial  is  adjusted  so  that  the 
transmitter  is  working  at  the  correct  center  operating 
frequency.  This  adjustment  can  be  made  conven¬ 
iently  by  the  Lissajous  method,  using  a  standard  cal¬ 
ibrated  oscillator  and  CRO.  The  acoustic  output  of 
the  transducer  may  be  picked  up  from  the  water  by  a 
monitor  hydrophone  and  its  electric  output  applied 
to  the  deflection  plate  of  the  CRO. 

The  next  step  in  checking  the  system  operation  is 
to  make  sure  that  the  transmitter  and  transducer  arc 
operating  at  highest  efficiency  and  that  the  transfer 
network  is  properly  tuned  so  that  the  load  on  the 
transmitter  unit  is  at  unity  power  factor.  Measure¬ 
ments  for  checking  these  factors  arc  described  earlier 
in  the  present  chapter. 


A  third  step  in  checking  transmitting  performance 
is  to  measure  acoustic  power  output,  first  making  sure 
that  ping  length  is  correct.  At  the  same  time,  it  is  con¬ 
venient  to  observe  the  shape  of  the  sound  pulse  put 
into  the  water  and  the  wave  form  of  the  individual 
cycles  of  sound  pressure. 

To  determine  the  duration  of  the  ping,  the  acoustic 
ping  output  of  the  scanning  sonar  transducer  is 
picked  up  from  the  water  by  a  monitor  hydrophone, 
whose  electric  output  is  applied  to  a  CRO.  With  the 
synchronizing  signal  amplitude  control  of  the  oscil¬ 
lograph  set  at  zero,  the  rate  at  which  the  electron 
beam  is  swept  across  the  screen  of  the  cathode-ray 
tube  is  adjusted  until  the  length  of  the  ping  signal  is 
equal  to  the  whole  length  of  the  horizontal  time  axis 
shown  on  the  screen.  Since  the  sweep  of  the  electron 
beam  is  not  synchronized  with  the  ping  signal,  the 
start  and  end  of  the  ping  may  appear  at  any  point 
along  the  horizontal  time  axis.  Adjustment  of  the 
electron  beam  sweep  just  described  is  fairly  easy  to 
make  if  the  sweep  frequency  is  gradually  changed 
from  a  low  frequency  which  makes  the  length  of  the 
ping  signal  equal  to  that  of  the  horizontal  time  axis. 
Without  changing  the  sweep  rate  of  the  electron 
beam  set  in  the  previous  adjustment,  the  sweep  rate 
can  then  be  measured  by  applying  a  signal  from  the 
audio  oscillator  to  the  Y-axis  input  terminals  of  the 
oscillograph  and  adjusting  the  oscillator  frequency 
until  one  stationary  cycle  is  seen  on  the  screen.  The 
reciprocal  of  the  frequency  of  the  one  stationary  cycle, 
or  its  period,  is  therefore  equal  to  the  length  of  the 
ping. 

Methods  of  measuring  the  acoustic  power  output 
arc  discussed  in  detail  elsewhere.1 

From  the  measurements  of  transmitter  electric 
power  output  and  transducer  acoustic  power  output, 
the  efficiency  of  the  transducer  and  transfer  network 
connected  to  the  transmitter  output  terminals  may 
be  computed. 

Other  measurements  which  give  valuable  informa¬ 
tion  on  the  transmitter  and  transducer  are  the  follow¬ 
ing: 

1.  Measurement  of  sound  pressure  in  the  center  of 
the  transmitting  beam  at  a  known  distance  from  the 
transducer  as  a  function  of  transmitting  frequency, 
for  long-range  automatic  keying. 

2.  Measurement  of  the  transmitted  sound  pressure 
as  a  function  of  transmitter  keying  rate,  both  for 
automatic  and  chemical  recorder  keying. 
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8.10.4  Transmitting  Directivity  Patterns 

For  an  azimuth-scanning  sonar  equipment,  two 
types  of  transmitting  directivity  patterns  describe 
reasonably  well  the  performance  of  the  transducer. 
One  type  of  pattern  shows  the  variation  with  relative 
bearing  of  intensity  of  sound  put  into  the  water  in  the 
horizontal  plane  passing  through  the  center  of  the 
transducer.  For  scanning  sonar  installations  without 
domes,  the  sound  intensity  is  usually  approximately 
constant  with  bearing  in  the  horizontal  plane;  how¬ 
ever,  certain  streamlined  domes  are  capable  of  dis¬ 
torting  seriously  the  directivity  pattern  of  an  other¬ 
wise  nondirectional  sonar  transducer.  A  reasonably 
complete  picture  of  transducer  performance  in  the 
horizontal  plane  can  be  obtained  by  measuring  the 
ping  intensity  of  sound  at  particular  bearings  rela¬ 
tive  to  the  sonar  transducer  and  at  intervals  of  20  de¬ 
grees  on  either  the  starboard  or  port  side  of  the  ship. 
The  bearing  range  of  the  monitor  transducer  used  to 
measure  sound  intensity,  with  respect  to  the  sonar 
transducer,  should  be  known  accurately,  and  both 
transducers  should  be  at  exactly  the  same  depth.  If  it 
is  possible  to  rotate  the  transducer,  it  is  easier  to  ob¬ 
tain  the  pattern  in  the  horizontal  plane  by  measuring 
the  ping  intensity  of  sound  with  the  monitor  trans¬ 
ducer  located  at  one  particular  point  and  the  scan¬ 
ning  sonar  transducer  rotated  in  5-degree  steps. 

To  investigate  the  effect  of  the  dome  on  the  trans¬ 
mitting  directivity  patterns,  the  intensity  of  the  trans¬ 
mitted  sound  is  measured  at  a  particular  bearing  rela¬ 
tive  to  the  scanning  transducer  as  the  latter  is  rotated 
in  azimuth.  Such  a  pattern  should  not  be  confused 
with  the  horizontal  distribution  of  sound  intensity  in 
the  water  present  while  the  scanning  transducer  is 
pinging.  This  test  cannot  be  made  conveniently  in 
installations  where  the  transducer  is  fixed  in  bearing. 

The  other  type  of  transmitting  directivity  pattern 
shows  the  variation  of  sound  intensity  with  elevation 
angle  measured  in  a  vertical  plane  passing  through 
the  axis  of  the  transducer.  For  azimuth-scanning  in¬ 
stallations  without  domes,  this  type  of  pattern  should 
be  approximately  the  same  for  vertical  planes  at  all 
relative  bearings.  For  installations  with  domes,  it  is 
necessary  to  obtain  patterns,  in  the  vertical  plane,  of 
several  relative  bearings  in  order  to  gain  a  reasonably 
complete  picture  of  transducer  performance.  In  meas¬ 
uring  this  type  of  pattern,  it  is  advisable  to  suspend 
the  monitor  transducer  in  a  horizontal  rather  than 


the  normal  vertical  position  so  that  its  sensitivity  is 
independent  of  depth  in  the  water.  It  is  still  better 
to  use  a  very  short  transducer  and  to  correct  for  its 
vertical  pattern,  since  it  is  difficult  to  keep  the  direc¬ 
tion  of  a  horizontally  suspended  transducer  correct. 

8.10.5  Receiving  Directivity  Patterns 

Receiving  directivity  patterns  were  usually  meas¬ 
ured  at  the  output  terminals  of  the  preamplifier.  A 
monitor  transducer,  located  at  some  particular  rela¬ 
tive  bearing,  produces  a  sound  signal  at  the  sonar 
operating  frequency.  The  method  for  obtaining  the 
receiving  pattern  under  high-speed  scanning  condi¬ 
tions  has  been  discussed  earlier  in  this  chapter.  This 
method  may  be  applied  to  the  shipboard  installation 
as  well  as  at  the  laboratory  test  stations.  The  equiva¬ 
lent  pattern  of  the  hand-trained  listening  channel 
may  be  obtained  by  observing  the  output  of  the  pre¬ 
amplifier  on  the  listening  commutator  with  a  vac¬ 
uum-tube  voltmeter  and  rotating  the  cursor  on  the 
PPI  through  360  degrees.  Since  training  of  the  listen¬ 
ing  beam  of  sensitivity  depends  upon  the  setting  of 
the  PPI  cursor,  a  plot  of  the  observed  voltages  against 
angular  position  of  the  cursor  will  give  the  receiving 
beam  pattern  of  the  transducer  and  the  listening  com¬ 
mutator,  and  is  termed  the  receiving  pattern  of  the 
listening  channel.  Tests  can  be  made  to  determine  the 
effect  of  the  capacitive  commutator  register  and  the 
uniformity  of  transducer  elements  on  the  receiving 
directivity  pattern  of  the  hand-trained  listening  chan¬ 
nel.  Because  of  the  great  number  of  patterns  some¬ 
times  desired,  it  is  convenient  to  use  the  PPCR. 

If  the  scanning  sonar  equipment  has  a  BDI  receiv¬ 
ing  channel,  a  BDI  deflection  curve  should  be  ob¬ 
tained.  Before  this  is  done,  the  acoustic  power  output 
of  the  monitor  hydrophone  and/or  gain  of  BDI 
should  be  adjusted  so  that  a  maximum  deflection  of 
approximately  1.5  inches  on  the  BDI  scope  is  ob¬ 
tained  when  the  bearing  of  the  receiving  beam  of 
sensitivity  is  such  as  to  produce  this  maximum  deflec¬ 
tion— roughly  8  degrees  off  bearing.  The  BDI  deflec¬ 
tion  curve  obtained  by  plotting  readings  of  deflection 
versus  bearing  relative  to  the  hydrophone  should  be 
similar  to  that  shown  in  Figure  49.  If  the  deflection 
curve  thus  obtained  is  not  satisfactory,  the  split  pro¬ 
jector  test  unit  can  be  used  to  test  the  performance 
characteristics  of  the  transducer  and  commutators 
used  in  the  BDI  listening  channel. 
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8.10.6  Receiver  Frequency-Response  Tests 

To  check  the  receiving  frequency  response  of  the 
transducer,  commutators,  and  preamplifiers,  a  moni¬ 
tor  transducer  may  be  used  to  transmit  sound  through 
the  water  to  the  scanning  sonar  transducer.  The  volt¬ 
age  across  the  monitor-transducer  input  terminals 
should  be  recorded  so  that  the  intensity  of  the  sound 
field  may  be  known.  The  receiving  response  is  ob¬ 
tained  by  measuring  the  output  of  each  preamplifier 
for  frequencies  at  suitable  intervals  over  the  receiver 
tuning  range.  The  output  of  the  scanning  commuta¬ 
tor  preamplifier  may  be  measured  with  the  use  of  a 
cathode-ray  oscillograph,  which  has  been  calibrated 
over  the  range  of  frequencies  being  measured. 

Additional  receiving  frequency-response  measure¬ 
ments  similar  to  those  just  described  should  be  ob¬ 
tained  to  check  the  components  of  the  several  receiv¬ 
ing  channels.  The  procedures  arc  the  same  as  those 
used  in  the  above  tests  except  that  the  output  to  the 
brightening  grids  of  the  PPI  and/or  the  audio  output 
of  the  listening  receiver  are  measured.  The  receivers 
are  tuned  to  the  frequency  of  sound  emitted  by  the 
monitor  transducer,  the  TVG  or  RCG  circuits  being 
disabled. 

To  measure  the  overall  frequency  response  of  each 
receiving  channel,  a  monitor  transducer  is  again  used 
as  a  sound  source,  and  the  output  to  the  brightening 
channel  is  measured  for  frequencies  at  suitable  inter¬ 
vals  over  the  receiver  tuning  range.  During  these 
tests,  the  receivers  should  remain  tuned  to  the  center 
operating  frequency  of  the  scanning  sonar  equip¬ 
ment.  The  overall  response  thus  obtained  shows  the 
effects  of  all  band-pass  filters. 


810-7  Noise,  Receiving  Sensitivity,  and 
Cross  T alk 

The  noise  level  in  the  several  receiving  channels, 
expressed  in  terms  of  an  equivalent  sound  field  at  the 
sonar  transducer,  should  be  measured  in  the  quietest 
water  obtainable.  When  the  electric-circuit  noise  is 
higher  than  that  of  water-borne  origin,  the  noise-level 
measurement  becomes  more  significant  in  expressing 
performance  of  the  equipment  than  when  the  reverse 
situation  is  true.  If  the  reading  of  a  root-mean-square 
voltmeter,  connected  to  the  output  of  the  receiving 
channel,  docs  not  change  when  the  sonar  transducer 
is  in  the  water  or  retracted  into  its  sea  chest,  then  the 
ambient  water  noise  beneath  the  ship  is  well  below 
the  electric  noise.  For  installations  where  it  is  not 
possible  to  retract  the  transducer  into  the  ship’s  hull, 
the  level  of  water  noise  must  usually  be  calculated  to 
determine  its  level  relative  to  the  electric  noise  level. 
For  scanning  sonar  equipments,  the  electric  noise 
level  is  usually  greater  than  the  ambient  water  noise 
level  of  sea  state  2  or  3,  mainly  because  of  the  narrow 
width  of  the  equipment’s  receiving  beams  of  sensi¬ 
tivity.  It  is  usually  possible  then  to  measure  the  elec¬ 
tric  noise  level,  expressed  in  terms  of  an  equivalent 
sound  pressure  at  the  sonar  transducer,  in  quiet 
water. 

To  measure  the  noise  level  of  the  listening  receiv¬ 
ing  channel,  a  root-mean-square  voltmeter  is  con¬ 
nected  to  the  audio  output.  Using  a  monitor  trans¬ 
ducer  as  a  sound  source,  the  sound  pressure  in  the 
water  is  adjusted  until  the  voltmeter  reading  has  in¬ 
creased  to\/2  times  its  original  value.  The  sound 
pressure  level  at  the  sonar  transducer  is  then  the  equiv¬ 
alent  noise  level.  This  quantity  should  be  measured 
for  several  settings  of  the  gain  control.  To  obtain  the 
same  quantity  for  the  scanning  channel,  a  calibrated 
cathode-ray  oscillograph  may  be  used  to  measure  the 
output  to  the  brightening  grid  of  the  PPI  cathode- 
ray  tube.  In  this  test,  the  sound  pressure  in  the  water 
is  adjusted  until  the  pattern  corresponding  to  the 
sound  is\Z”2  times  the  ambient  background  seen  on 
the  screen  of  the  cathode-ray  oscillograph. 

To  obtain  the  receiving  sensitivity  of  the  scanning 
receiver,  its  output  to  the  brightening  grid  of  a  cali¬ 
brated  cathode-ray  oscillograph  is  measured  as  a  func¬ 
tion  of  the  sound  pressure  in  the  water  at  the  sonar 
transducer  for  one  setting  of  the  gain  control.  The 
measurement  should  be  repeated  for  settings  of  the 
gain  control  ranging  from  minimum  to  maximum 
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gain.  The  receiving  sensitivity  of  the  listening  re¬ 
ceiver  is  obtained  by  measuring  the  output  to  the 
loudspeaker,  noting  the  distortion  level  at  the  same 
time. 

8.10.8  Figure-of-Merit  Measurement 

The  figure  of  merit  of  the  sonar  system  may  be 
evaluated  in  the  following  manner:  By  a  simple  cal¬ 
culation,  the  sound  pressure  in  the  center  of  the  trans¬ 
mitting  beam  at  some  known  distance  from  the  trans¬ 
ducer,  as  previously  determined  in  the  acoustic-pow¬ 
er-output  measurement,  may  be  converted  to  the 
equivalent  pressure  at  one  meter  from  the  transducer. 
In  the  determination  of  the  minimum  echo  detect¬ 
able  by  the  sound  operator,  a  monitor  transducer  is 
used  as  a  sound  source  to  put  sound  of  known  pres¬ 
sure  at  the  sonar  transducer.  The  continuous  sound 
signal  is  adjusted  in  level  until  the  sound  operator 
can  just  detect  it.  The  ratio  of  these  two  pressures 
may  then  be  calculated. 

The  ratio  will  vary  for  the  different  receiving  chan¬ 
nels  of  the  scanning  sonar  equipment.  It  is  a  function 
of  all  factors  that  affect  the  intensity  of  the  transmit¬ 
ted  ping  and  the  intensity  of  the  minimum  detectable 
signal.  As  far  as  the  minimum  signal  is  concerned,  the 
deciding  factors  are  usually  ambient  water  noise 
level,  the  character  of  the  reverberation,  and  the  elec¬ 
tric  noise  level  of  the  gear.  The  figure  of  merit  may 
also  be  measured  directly  by  use  of  the  dynamic 
monitor.43 

8*10,9  Mechanical  Alignment 

For  proper  mechanical  alignment  of  a  scanning 
sonar  equipment,  the  synchro  system  must  be  ad¬ 
justed  with  great  precision,  or  systematic  bearing  er¬ 
rors  will  result.  In  order  to  make  the  angular  indi¬ 
cations  at  both  ends  of  a  synchro  system  correspond, 
it  is  necessary  to  orient  the  machines  with  respect  to 
each  other.  Measurements  of  all  angular  displace¬ 
ments  of  the  rotors  of  the  synchro  units  are  referred 
to  a  standard  position  which  is  designated  as  “elec¬ 
trical  zero.”  This  position  may  be  checked  accurately 
for  synchro  motors  and  generators  by  connecting  the 
rotor  winding  across  115  volts  a-c  and  a  low-range 
voltmeter  across  the  stator  terminals  .S’,  and  ,S„  with 
S2  open.  The  rotor  is  then  turned  until  a  minimum 
voltage  indication  is  obtained.  The  adjustment  pro¬ 
cedure  of  “zeroing”  synchros  is  not  concerned  with 


the  angular  position  of  the  transducer  or  the  commu¬ 
tator,  but  it  must  be  properly  carried  out  before  these 
elements  can,  in  turn,  be  adjusted.  The  zeroing  ad¬ 
justments  should  be  made  in  the  equipment  before 
installation.  It  will  be  necessary  to  check  the  adjust¬ 
ments  if  the  installation  tests  about  to  be  described 
indicate  improper  mechanical  alignment  of  the  scan¬ 
ning  sonar  equipment. 

In  checking  mechanical  alignment,  it  is  customary 
first  to  determine  whether  the  electron  beams  of  the 
cathode-ray  tubes  which  provide  plan  position  indi¬ 
cation  occupy  at  each  instant  a  position  on  the  screen 
corresponding  to  the  location  from  which  echoes  may 
be  received  at  the  corresponding  instant.  In  the  case 
of  azimuth  scanning,  it  is  then  necessary  only  to  verify 
two  different  relative  bearings.  The  use  of  an  in¬ 
stalled  monitor  transducer  as  a  source  of  sound  pro¬ 
vides  a  known  reference  point  to  make  the  forward 
position  on  the  cathode-ray  face  agree  accurately 
with  the  zero  bearing  of  the  scanning  beam  of  sensi¬ 
tivity.  A  monitor  transducer  can  be  suspended  from 
the  ship’s  rail  at  another  relative  bearing  to  verify 
that  the  scanning  beam  and  the  electron  beam  of  the 
cathode-ray  tube  are  rotating  in  the  same  direction. 

Directly  coupled  to  a  capacitive  scanning  commu¬ 
tator  is  a  5  CT  synchro  used  as  the  spiral-sweep  gen¬ 
erator.  The  output  voltage  of  the  synchro  is  applied 
to  the  3-phase  deflection  coils  surrounding  the  neck 
of  the  PPI  tube.  By  adjusting  the  relative  angular 
position  of  either  the  deflection  coils,  or  the  stator  of 
the  synchro,  it  is  possible  to  make  the  forward  posi¬ 
tion  on  the  cathode-ray  face  agree  with  zero  bearing 
of  the  scanning  beam.  In  a  CR  sonar  system,  it  is  usu¬ 
ally  convenient  to  adjust  the  position  of  the  stator  of 
the  synchro  on  the  scanning  commutator.  In  an  ER 
sonar  system,  it  is  necessary  to  adjust  the  angular 
position  of  the  deflection  coils  around  the  neck  of  the 
CRO.  If  the  electron  beam  of  the  cathode-ray  tube 
does  not  rotate  in  the  same  direction  as  the  scanning 
beam  of  sensitivity,  it  can  be  made  to  do  so  by  revers¬ 
ing  two  connections:  S3  and  S3  of  the  deflection  coils. 
In  a  depth-scanning  system,  two  different  depression 
angles  are  verified  to  check  plan  position  indications. 
An  installed  monitor  transducer  (deep  monitor) 
which  can  be  lowered  in  depth  is  used  for  this  test. 

The  mechanical  alignment  of  the  listening  commu¬ 
tator  should  be  tested.  Training  of  the  listening  chan¬ 
nel  depends  upon  the  setting  of  the  cursor  on  the 
PPI  ( elevation  position  indicator  [EPI]  in  the  depth¬ 
scanning  system).  The  rotor  of  the  listening  commu- 
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tator  is  driven  by  a  servo  motor  energized  by  the  out¬ 
put  of  a  servo  amplifier,  which  in  turn  receives  its 
signal  from  the  rotor  of  a  5  CT  synchro  coupled  with 
the  listening  commutator.  The  stator  of  the  synchro 
is  supplied  from  the  stator  windings  of  a  5  G  synchro 
in  the  console,  which  is  geared  to  turn  one-to-one  with 
the  cursor.  The  original  setting  of  the  listening  com¬ 
mutator  rotor  is  made  by  using  an  installed  monitor 
transducer  as  a  source  of  sound  and  adjusting  the 
position  of  the  stator  commutator  synchro  until  the 
received  signal  is  a  maximum  when  the  cursor  is 
trained  to  the  known  azimuth  (or  depression  angle) 
of  the  monitor  transducer.  A  voltmeter  at  the  listen¬ 
ing  receiver  output  can  be  used  to  supplement  the  ear 
in  observing  received  signal  level.  A  check  should  also 
be  made  to  see  if  both  the  cursor  and  the  listening 
commutator  rotor  rotate  in  the  same  direction  by 
verifying  the  position  of  a  sound  source  at  another 
bearing  (or  depth  angle). 

In  testing  the  alignment  of  the  listening  channel  of 
a  depth-scanning  system,  the  depth-scanning  trans¬ 
ducer  should  be  directed  at  the  sound  source.  Also,  it 
should  be  verified  that  the  action  of  the  stabilization 
components  of  the  system  is  not  interfering  with  the 
accuracy  of  the  alignment.  Since  the  listening  chan¬ 
nel  commutator  is  used  in  conjunction  with  a  differ¬ 
ence-listening  commutator  to  produce  BI)I  operation 
in  a  horizontal  plane,  it  should  be  determined  that 
the  two  commutators  arc  aligned  so  as  to  track  to¬ 
gether  in  a  vertical  plane. 

Installation  tests  of  the  stabilization  units  of  an 
integrated  scanning  sonar  system  are  described  pre¬ 
viously  in  this  chapter. 

8-to.io  Installation  Tests  on  Service  Ships 
at  Navy  Yard 

A  test  program  suitable  for  routine  service  installa¬ 
tions  of  scanning  sonar  equipment  on  Navy  ships 
should  check  the  overall  acoustic  performance'  of  the 
gear  in  all  relative  bearings  with  respect  to  the  ship. 
A  minimum,  but  reasonably  complete,  test  program 
would  include  an  overall  acoustic  test  which  would 
be  made  perhaps  in  steps  of  20  degrees  throughout 
360  degrees  of  azimuth.  It  would  also  include  detailed 
tests  of  equipment  components,  which  would  be 
made  at  one  particular  relative  bearing.  The  overall 
test  made  in  steps  of  20  degrees  cotdd  check  by  infer¬ 
ence,  throughout  360  degrees  of  azimuth,  the  detailed 
tests  made  at  one  bearing,  and  the  combination  of 


these  tests  would  constitute  a  satisfactory  minimum 
test  program. 

The  figure  of  merit  provides  a  reliable  numerical 
index  of  the  overall  acoustic  performance.  The  meas¬ 
urement  of  this  ratio  (for  the  several  receiving  chan¬ 
nels)  and  the  ping  intensity  at  one  meter,  in  steps  of 
20  degrees  throughout  360  degrees  of  azimuth,  would 
be  a  desirable  overall  acoustic  test. 

The  test  would  check: 

1.  Uniformity  of  transmitted  intensity  with  direc¬ 
tion  in  the  horizontal  plane  through  the  center  of  the 
transducer. 

2.  Absolute  level  of  acoustic  power  output. 

3.  By  inference,  the  distribution  of  transmitted  in¬ 
tensity  with  elevation  angle  in  the  vertical  planes 
through  the  transducer  axis.  If  the  minor  lobes  of  the 
vertical  pattern  were  too  high,  the  transmitted  in¬ 
tensity  in  the  center  of  the  beam  would  be  lower  than 
normal. 

4.  Tuning  of  transmitter.  Ping  intensity  would  be 
lower  if  the  transmitter  were  not  tuned  correctly. 

5.  Efficiency  of  transmitter  and  transducer. 

6.  Ping  duration,  frequency,  shape,  and  wave  form 
—if  the  dynamic  monitor  is  used  to  measure  figure  of 
merit. 

7.  By  inference,  the  receiving  directivity  pattern. 
If  the  receiving  beam  of  sensitivity  were  wider  than 
normal,  the  measurement  of  figure  of  merit  would  re¬ 
flect  a  higher  level  of  the  minimum  detectable  echo. 

8.  Tuning  of  receiver. 

9.  Electric  noise  level,  if  the  test  were  made  in 
quiet  water. 

10.  Receiving  sensitivity  to  minimum  signal. 

11.  Mechanical  alignment.  In  making  the  test,  it 
would  be  seen  whether  or  not  the  electron  beam  of 
the  cathode-ray  tube,  which  provides  plan  position 
indication,  occupies  at  each  instant  a  position  on  the 
screen  corresponding  to  the  location  from  which 
echoes  may  be  received  at  the  same  instant.  The 
mechanical  alignment  of  the  listening  channel  would 
also  be  checked. 

The  detailed  tests  at  one  bearing  for  a  routine  serv¬ 
ice  installation  can  be  made  by  using  a  monitor  trans¬ 
ducer,  located  at  a  particular  bearing,  to  put  a  steady 
sound  signal  into  the  water.  It  would  be  desirable  to 
make  the  following  detailed  tests: 

1.  Measure  the  receiving  directivity  pattern  of  the 
scanning  channel. 

2.  Measure  the  receiving  directivity  pattern  for  the 
listening  channel. 
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3.  Obtain  BDI  deflection  curves  for  a  sound  signal 
level  just  above  electric  noise  and  the  maximum  level 
which  would  be  obtained  in  practice,  if  the  gear  has  a 
BDI  receiving  channel. 

4.  Check  receiving  sensitivity  by  measuring  the 
output  of  the  scanning  receiver  and  the  listening  re¬ 
ceiver  as  a  function  of  sound  field  in  the  water  for 
maximum  and  minimum  settings  of  the  gain  control. 

To  carry  out  the  above  test  program,  it  would  be 
necessary  to  design  and  construct  a  special  test  de¬ 
vice,  which  would  be  similar  to  the  dynamic  moni¬ 
tor,43  but  with  certain  modifications  and  additional 
provisions.  In  order  to  measure  receiving  directivity 
patterns  and  receiving  sensitivity,  it  would  be  neces¬ 
sary  to  modify  the  dynamic  monitor  so  that  it  could 
be  used  (1)  to  put  a  steady  sound  signal  of  variably 
level  and  frequency  into  the  water,  and  (2)  to  meas¬ 
ure  the  electric  output  of  the  various  receiving  chan¬ 
nels  of  a  scanning  sonar  system. 

To  measure  electric  output,  it  would  be  desirable 
to  use  the  cathode-ray  oscillograph  components  of 
the  dynamic  monitor  and  to  provide  for  its  calibra¬ 
tion  as  a  measuring  device. 

If  an  installed  monitor  transducer  were  furnished 
with  the  modified  dynamic  monitor  as  just  described 
—that  is,  if  an  installed  monitor  transducer  were 
made  a  standard  item  on  board  the  Navy  ship— it 
would  be  possible  also  to  check  periodically  the  oper¬ 
ating  performance  of  the  sonar  gear  while  the  ship  is 
on  sea  duty.  During  extended  sea  duty,  changes  may 
occur  in  overall  functioning,  and  routine  tests  would 
determine  whether  or  not  the  sonar  gear  is  ready  for 
action  and  to  what  extent.  The  results  of  these  rou¬ 
tine  checks  at  sea  could  be  compared  directly  with 
the  results  of  initial  installation  tests  at  the  Navy 
yard.  The  direct  comparison  would  emphasize  and 
readily  point  out  small  changes  in  performance  with 
time. 

811  OPERATING  TESTS  PROCEDURE 
8-11-1  Introduction 

After  the  installation  tests  of  an  experimental  scan¬ 
ning  sonar  system  have  been  completed,  it  is  desirable 
to  conduct  a  series  of  field  trials  to  determine  the 
value  of  the  system  for  the  type  of  operations  for 
which  it  was  designed.  In  the  discussion  following 
these  introductory  remarks,  the  testing  procedure  is 
presented  under  three  headings:  “Horizontal-Scan¬ 


ning  Sonar,”  “Depth-Scanning  Sonar,”  and  “Sub¬ 
marine-Scanning  Sonar.”  This  arrangement  is  arbi¬ 
trarily  made  for  the  purpose  of  clarification,  and,  as 
will  be  noted,  some  of  the  testing  procedure  is  com¬ 
mon  to  all  three  systems. 

In  a  series  of  field  trials,  the  principal  aim  is  to  ob¬ 
tain  data  from  which  to  evaluate  the  tactical  useful¬ 
ness  of  the  system  in  the  conducting  of  antisubmarine 
attacks,  torpedo  detection,  mine-field  navigation,  and 
surface-ship  detection. 

Data  must  be  taken  on  the  accuracy  with  which  the 
system  can  be  used,  the  effect  on  system  performance 
of  ship  and  target  motion,  the  effect  on  its  perform¬ 
ance  of  the  medium  and  geographic  location,  the 
operating  efficiency  of  personnel,  and  security  against 
giving  useful  information  to  the  enemy.  The  field 
operations  should  also  contribute  to  correction  of 
faults,  give  information  for  future  design  improve¬ 
ment  and  changes,  provide  indications  of  the  possi¬ 
bility  of  extending  the  field  of  application  of  the  sys¬ 
tem,  and  give  information  on  reliability  of  perform¬ 
ance  and  maintenance  problems. 

811-2  Horizontal-Scanning  Sonar 
Operating  Test  Procedure 

The  accuracy  of  position  measurements  can  be  con¬ 
ducted  under  three  sets  of  conditions  which  are  as 
follows: 

1.  Accuracy  with  a  point  source,  an  echo  repeater 
as  the  target,  and  with  both  the  echo-ranging  ship 
and  the  target  stationary. 

2.  Accuracy  with  a  point  source  as  the  target  and 
the  echo-ranging  ship  under  way  as  in  attack,  with 
the  point  source  being  stationary  or  moving. 

3.  Accuracy  with  a  real  target,  such  as  a  submarine, 
and  with  the  echo-ranging  ship  and  the  submarine 
moving  as  in  attack. 

For  all  test  conditions,  the  accuracy  of  range  meas¬ 
urements  can  be  determined  by  comparing  ranges  as 
measured  with  the  values  given  by  a  range  finder  on 
the  ship’s  bridge. 

A  second  set  of  range  tests  are  those  to  determine 
maximum  discovery  range  for  a  submarine.  In  addi¬ 
tion  to  the  other  factors  that  determine  maximum 
discovery  range,  this  range  will  depend  to  some  ex¬ 
tent  on  the  sonar  operator’s  knowledge  of  the  posi¬ 
tions  of  the  target.  It  is  desirable  to  conduct  two  types 
of  measurements,  one  in  which  the  sonar  operator 
knows  the  relative  bearing  of  the  target  as  it  is  ap- 
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proachcd  outside  the  maximum  echo  range,  and  the 
other  in  which  the  operator  will  be  following  a  nor¬ 
mal  search  procedure  and  have  no  knowledge  of  tar¬ 
get  location.  In  order  that  experimental  results  may 
be  checked  with  theory,  it  is  highly  important  that  a 
record  be  kept  of  the  following  data: 

1.  Date,  sea  state,  wind  force,  bathythermograph, 
a-c  line  voltage. 

2.  Area  of  operation,  type  and  depth  of  bottom. 

3.  Target  speed,  aspect,  name,  length,  and  depth 
of  keel. 

4.  Echo-ranging  ship’s  speed  and  gear. 

It  is  also  true  that  the  above  list  of  data  should  be 
recorded  for  the  other  operating  tests. 

A  field  study  related  to  maximum  echo  range  con¬ 
sists  of  taking  data  showing  the  distribution  of  echo 
amplitudes  and  the  percentages  of  visible  and  audible 
echoes  as  a  function  of  the  range,  for  a  given  set  of 
test  conditions/'*'  r,1>  5r’-  50  If  sufficient  data  arc  ob¬ 
tained  to  plot  the  percentage  of  echoes  versus  range, 
it  is  possible  to  calculate  the  probability  of  detection 
at  a  given  range  and  also  to  extrapolate  the  graph  to 
give  the  maximum  range  of  detection.  An  evaluation 
of  the  quantity  known  as  “recognition  differential” 
could  be  made  from  data  showing  the  amplitude  dis- 
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tribution  of  echoes  and  the  percentages  of  visible  and 
audible  echoes. 

A  study  of  bearing  accuracy  can  be  conducted 
much  like  that  for  measurements  of  range  accuracy. 
The  accuracy  of  bearing  indications  can  be  deter¬ 
mined  by  comparing  sonar  bearings  with  simultane¬ 
ous  values  given  by  a  pelorus  on  the  ship’s  bridge. 
Correction  should  be  made  for  the  parallax  between 
the  positions  of  the  pelorus  and  the  transducer,  and 
also  between  the  positions  of  the  center  of  the  target 
and  the  identifying  object  sighted  upon  with  the  pel¬ 
orus.  The  two  sets  of  data  should  be  plotted  on  the 
same  graph  as  functions  of  time.  Since  in  an  opera¬ 
tion  of  this  type  there  would  be  comparatively  long 
periods  during  which  the  bearings  do  not  change,  it 
would  he  possible  to  obtain  from  this  portion  of  the 
data  a  determination  of  the  absolute  bearing  accuracy 
of  the  system.  In  the  case  of  determination  of  bearing 
accuracy  for  a  submarine  target,  the  data  should  also 
be  recorded  as  a  function  of  target  aspect.  In  this  con¬ 
nection  it  would  be  desirable  to  record  data  for  a 
fixed  aspect  of  the  target,  such  as  for  beam  position, 
quarter  position,  and  bow  position,  so  that  a  correla¬ 
tion  could  be  made  between  target  aspect  and  bearing 
accuracy.  Course  plans  for  bearing  study,  shown  in 
Figures  50  and  51,  were  designed  to  avoid  masking  of 
the  target  echo  by  interference  from  the  wake  of  the 
echo-ranging  ship. 

In  addition  to  target-aspect  studies,  measurements 
of  the  effect  of  echo-ranging  ship’s  speed  on  echo¬ 
ranging  performance  are  necessary.  One  method  of 
obtaining  data  on  this  point  is  to  measure  the  system 
figure  of  merit  by  use  of  a  streamlined  installed  moni¬ 
tor  transducer  and  the  electronic  unit  of  the  dynamic 
monitor.  This  method  gives  as  a  function  of  ship’s 
speed,57  the  level  of  the  minimum  echo  detectable  by 
the  sonar  operator  at  a  specific  range  and  bearing. 

Tests  on  the  reliability  of  the  system  as  a  torpedo- 
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Figure  52.  QH  sonar  log  data  sheet. 

detection  device  can  be  made  by  firing  torpedoes  at 
ranges  well  beyond  the  limit  of  discovery  and  gradu¬ 
ally  decreasing  the  range  so  that  the  maximum  range 
of  detection  is  obtained  for  a  given  set  of  test  condi¬ 
tions.  Tests  on  torpedo  detection,58  made  during  July 
and  August  1944,  were  not  sufficiently  extensive  to 
establish  the  maximum  range  of  detection.  Firing 
and  bearing  measurements  synchronized  with  time, 
plus  data  on  torpedo’s  speed,  ship’s  speed,  and  ship’s 
course,  would  give  a  geographic  plot  of  the  torpedo’s 
track.  This  plot  could  be  used  to  check  similar  data 
obtained  at  the  ship’s  bridge  and  to  calculate  the 
range  of  detection,  elapsed  time  between  firing  and 
detection,  and  the  closest  range  of  approach. 

In  many  of  these  measurements  it  would  be  highly 
desirable  to  record  the  PPI  information  photograph¬ 
ically.  An  accurate  operational  log  should  be  kept  so 
that  an  indication  of  the  reliability  of  the  system  is 
obtained.  Figure  52  is  an  example  of  a  typical  log 
sheet. 

811-3  Depth-Scanning  Sonar  Operating 
Test  Procedure 

The  depth-scanning  sonar  operating  tests  in¬ 
cluded  all  of  the  measurements  discussed  under  the 
horizontal-scanning  system  with  the  exception  of  tor¬ 
pedo  detection,  and  included  in  addition  depth 
determination. 


A  test  of  special  interest,  made  by  HUSL,  was  the 
determination  of  target  strength  of  the  bottom  as  a 
function  of  depth  of  water  and  type  of  bottom.  The 
procedure  was  to  measure  the  amplitude  of  the  echo 
from  the  bottom  at  the  output  of  the  listening  pre¬ 
amplifier,  which  had  been  calibrated  by  inserting  a 
known  sound  intensity  at  the  transducer,  with  the  use 
of  an  installed  monitor  hydrophone,  a  signal  genera¬ 
tor,  and  a  vacuum-tube  voltmeter.  Since  the  listening 
channel  could  be  hand-trained  and  the  listening 
beam  of  sensitivity  accordingly  directed  at  any  eleva¬ 
tion  angle,  target  strength  of  the  bottom  was  deter¬ 
mined  as  a  function  of  elevation  angle.  It  was  also 
necessary  to  measure  the  intensity  of  transmitted 
sound  at  a  distance  of  one  meter  from  the  transducer. 
To  calculate  target  strength  of  the  bottom  for  a  given 
set  of  test  conditions,  it  was  desirable  to  use  the  aver¬ 
age  value  of  a  large  number  of  pinging  cycles,  and  to 
use  a  theoretical  value  for  the  transmission  loss. 

Another  test  of  interest  was  the  determination  of 
the  target  strength  of  a  submarine  as  a  function  of 
target  aspect.  Current  literature59  has  detailed  infor¬ 
mation  on  this  subject,  but  only  on  target  aspects 
within  depression  angles  of  0  degrees  to  13  degrees.  It 
was  desirable,  therefore,  to  obtain  information  on  the 
target  strength  of  a  submarine  at  depression  angles 
over  the  range  of  13  degrees  to  90  degrees.  To  secure 
reliable  results,  it  was  necessary  to  obtain  a  large 
number  of  samples  for  each  measurement,  preferably 
at  constant  target  range.80 

8,11-4  Submarine-Scanning  Sonar 
Operating  Test  Procedure 

The  submarine  operating  tests  should  include  all 
measurements  indicated  under  the  horizontal-scan¬ 
ning  sonar  system.  Mine- field  navigation,  torpedo  de¬ 
tection,  and  surface-ship  tracking  are  of  special  inter¬ 
est  to  the  submarine  system,  since  these  are  operations 
for  which  the  system  was  designed.  These  three  main 
classes  of  operation,  therefore,  will  be  discussed  in  the 
following  paragraphs,  and  will  naturally  include 
many  of  the  objectives  of  test  procedure  previously 
discussed. 

Mine-Field  Navigation 

First  in  these  tests  should  be  the  determination  of 
the  ability  of  the  equipment  to  detect  mines.  A  num¬ 
ber  of  3-foot  mine  cases  or  1-foot  triplanes  should  be 
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moored  in  an  area  of  1,000  yards  radius  in  a  depth  of 
water  of  10  to  40  fathoms.  The  targets  should  be  lo¬ 
cated  at  different  depths,  from  the  surface  down  to  a 
point  several  feet  from  the  bottom  and  each  target 
marked  by  a  buoy.  A  steel  shaft  on  the  buoy  should 
allow  observation  of  buoy  position  by  radar.  The 
submarine  should  proceed  around  and  through  the 
target  area  and  measurements  should  be  made  on 
accuracy  of  position  determination,  maximum  dis¬ 
covery  ranges,  percentage  of  visible  echoes  as  a  func¬ 
tion  of  range,  and  qualitative  tests  made  on  naviga¬ 
tion  of  the  submarine  by  its  commanding  officer 
through  the  target  area. 

These  tests  should  be  repeated  for  various  depths 
of  water,  depths  of  submarine,  speeds  of  submarine, 
types  of  target,  and  arrangements  of  targets. 

T orpedo-D  etection  T ests 

These  tests  arc  the  same  as  the  torpedo-detection 
tests  mentioned  previously,  and  include  additional 
tests  on  torpedoes  fired  from  the  submarine  in  which 
the  sonar  gear  is  installed.  It  should  be  possible  to 
compare  directly  some  of  the  residts  for  torpedoes 
proceeding  away  and  results  for  approaching  tor¬ 
pedoes.  The  direct  comparison  should  give  some  in¬ 
formation  on  the  maximum  range  at  which  a  torpedo 
could  possibly  be  detected. 

Surface-Ship  Tests 

The  objectives  of  these  tests,01  which  arc  of  special 
interest  to  submarine-scanning  systems,  arc  to  deter¬ 
mine  (1)  detection  range  for  noise  of  surface  ship;  (2) 
echo-ranging  performance  for  surface-ship  tracking; 
(3)  reliability  of  single  pings,  at  irregular  intervals  of 
time,  in  echo-ranging  performance;  and  (4)  security 
against  giving  useful  information  to  the  enemy  while 
echo  ranging.  These  tests  should  be  divided  into  two 
groups:  tests  in  shallow  water  of  20  to  50  fathoms  and 
those  in  deeper  water,  preferably  over  100  fathoms. 
The  target  should  be  a  large  surface  ship  (500  tons  or 
more)  capable  of  proceeding  at  12  to  15  knots,  so  that 
considerable  propeller  noise  will  be  present. 

In  measurements  of  the  detection  range  for  surface- 
ship  noise,  since  the  submarine  sonar  system  gives  in¬ 
formation  only  on  the  bearing  of  the  noise,  it  will  be 
necessary  to  pror  ide  other  means  of  measuring  the 
range  to  the  target  when  its  noise  is  detected.  One 
procedure  for  doing  this  is  to  have  the  target  and  the 
submarine  proceed  on  fixed  courses  at  fixed  speeds  so 


that  the  geographic  plot  of  the  entire  run  will  be 
predetermined  and  known  as  a  function  of  time.  In 
order  to  obtain  complete  information  about  the  geo¬ 
graphic  plot,  it  will  be  necessary  to  measure  the  dis¬ 
tance  and  true  bearing  between  the  vessels  at  the  start 
of  the  run  and  provide  means  for  synchronizing  with 
time  observations  made  on  both  vessels. 

A  desirable  procedure  for  the  conduct  of  tests  is  as 
follows:  The  target  should  proceed  on  a  straight 
course  at  a  speed  of  about  12  knots,  starting  the  event 
about  8,000  yards  from  the  intersection  point  of  its 
course  and  the  course  of  the  submarine.  The  subma¬ 
rine  should  proceed  on  a  course  of  090  degrees  from 
the  target’s  course  at  a  speed  of  three  knots,  starting 
the  event  about  2,000  yards  from  the  intersection 
point.  There  is  no  need  for  the  two  vessels  to  ap¬ 
proach  nearer  than  about  500  yards.  Observers  on  the 
target  should  record  with  time  the  radar  range  and 
bearing  of  the  submarine,  and  signal  by  blinker  the 
start  of  the  run.  The  submarine  should  tow  a  radar 
target  during  submerged  approaches,  so  that  the 
surface  ship  can  record  its  position.  Periscope  obser¬ 
vation  of  the  target  is  required,  and  an  observer  at  the 
periscope  should  record  at  regular  time  intervals  the 
relative  bearing  of  the  target.  Observers  stationed  at 
the  submarine  sonar  equipment  should  record  the 
discovery  time  of  target  noise  and  its  bearing  at  regu¬ 
lar  intervals. 

The  above  procedure  could  also  be  used  to  deter¬ 
mine  echo-ranging  performance  for  tracking  of  the 
surface  ship.  Observers  at  the  submarine  sonar  equip¬ 
ment  should  also  record,  with  time,  the  discovery 
range  and  bearing  by  echo  ranging  on  the  surface 
ship,  as  well  as  subsequent  target  positions.  The  per¬ 
centage  of  visible  echoes  should  also  be  recorded. 

In  echo-ranging  performance,  the  reliability  of 
single  pings,  spaced  at  irregular  intervals  of  approxi¬ 
mately  one  minute,  should  be  determined  in  alter¬ 
nate  runs.  If  one  run  is  made  with  normal  echo-rail?- 
ing  procedure  and  the  next  run  with  single  pings, 
under  the  same  test  conditions  for  one  day,  a  com¬ 
parison  of  the  two  types  of  operation  could  be  made 
readily. 

During  some  of  these  operations,  a  sound  operator 
on  the  target  should  attempt  to  locate  and  track  the 
submarine  by  listening  for  the  submarine’s  ping  and 
by  echo  ranging.  These  tests  should  give  qualitative 
information  on  security  against  the  disclosure  of 
useful  information  to  the  enemy. 
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911  Introduction 

A  stationary  radiator  which  is  to  produce  a  rotat¬ 
ing  radiation  pattern  of  unchanging  form  prefer¬ 
ably  has  a  circular  cross  section  in  the  plane  of 
rotation  of  the  pattern.  The  pattern  in  the  plane  per¬ 
pendicular  to  that  of  rotation  approximates  that  of  a 
line  source  of  a  length  equal  to  that  of  the  cylinder. 
Dividing  the  surface  of  the  cylinder  into  strips  paral¬ 
lel  to  its  axis,  and  providing  these  strips  with  separate 
excitation,  gives  a  pattern  which  is  controlled  by  the 
phase  and  amplitude  of  the  separate  elements.  The 
receiving  pattern  of  sensitivity  may  be  rotated  by  a 
commutator  or  by  purely  electrical  means  as  in  the 
ER  rotor. 


9,1,2  Reciprocity  Theorem 

The  reciprocity  theorem  permits  the  patterns  in 
transmission  and  in  reception  to  be  spoken  of  inter¬ 
changeably.  However,  it  is  understood  that  ordinarily 
the  elements  of  a  cylindrical  transducer  are  excited 
uniformly  in  transmission  and  that  only  in  reception 
are  the  responses  of  the  individual  elements  attenu¬ 
ated,  phased,  and  combined  to  form  a  directive  beam. 
When  the  pattern  of  a  transducer  is  spoken  of  with¬ 
out  further  qualification,  it  means  the  directivity  pat¬ 
tern  in  a  plane  normal  to  the  axis  of  the  cylinder;  that 
is,  in  the  plane  of  rotation. 

91-3  Continuous  Cylindrical  Radiators 

A  general  statement  can  be  made  concerning  the 
formation  of  radiation  patterns  by  segmented  cylin¬ 
drical  radiators;  namely,  that  any  desired  pattern 
may  be  approximated  as  closely  as  desired  provided 
that  the  width  of  the  active  strips  of  the  radiator  be 
chosen  small  enough.  Actually,  there  is  a  lower  limit 
to  the  width  of  the  elements  imposed  by  considera¬ 
tions  of  construction.  Another  consideration  is  based 
upon  the  fact  that  the  formation  of  a  very  narrow  pat¬ 
tern,  in  general,  requires  that  the  phase  and  ampli¬ 
tude  of  the  signal  change  considerably  from  element 
to  element.  This  makes  it  impossible  to  rotate  the  pat¬ 
tern  smoothly,  and  also  raises  the  objection  that  the 


theory  upon  which  the  statement  is  based  is  inappli¬ 
cable  since  it  assumes  that  there  is  no  interaction  be¬ 
tween  the  elements.  Thus  it  is  seen  that  analysis  of 
pattern  formation  based  on  a  continuous  cylindrical 
radiator,  whose  elements  are  arbitrarily  narrow,  has 
very  limited  practical  implications. 

9,1,4  Pattern  of  Sector  of  Cylinder1, 2,3 

The  pattern  of  a  segmented  cylindrical  transducer 
may  be  considered  as  being  a  superposition  of  the  pat¬ 
terns  of  the  single  elements  of  the  transducer.  There¬ 
fore  the  pattern  of  a  single  element  is  first  con¬ 
sidered.  It  depends  upon  the  angular  width  of  the 
element,  the  diameter  of  the  cylinder  relative  to  the 
wavelength  of  the  signal,  and  the  baffle  condition 
presented  by  the  cylinder.  Two  separate  baffle  condi¬ 
tions  are  considered;  namely  (1)  “stiff”  or  rigid,  and 
(2)  pressure  release.  When  the  cylinder  is  assumed  to 
be  stiff,  the  active  element  is  presumed  to  move  as  a 
rigid  piston  with  uniform  velocity.  When  the  cylinder 
is  assumed  to  provide  a  pressure  release  (that  is,  to  be 
incapable  of  supporting  pressure)  the  active  element 
itself  is  presumed  to  exert  a  uniform  pressure.  The 
justification  for  either  baffle  condition  lies  in  the  cor¬ 
relation  between  patterns  of  single  elements  obtained 
in  practice  and  the  computed  theoretical  patterns.  It 
is  found  that  the  actual  patterns  lie  between  those 
given  by  theory  for  these  two  conditions,  but  closer  to 
that  based  on  the  pressure  release  baffle  conditions. 

The  pattern  of  a  sector  of  a  cylinder  is  given  by: 


P  =  Po 


r.  ,  o  Sln  ma  r.  , 

D0  +  2  /  • - Dm  cos  md> 

/—i  via 


(1) 


where 


D„ 


f 


H'm{ka) 

jm 


Hm(ka ) 


Stiff  Baffle 


Release  Baffle 


Here  <j>  is  the  angle  between  the  direction  of  observa¬ 
tion  and  a  line  bisecting  the  sector,  2 a  is  the  angular 
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width  of  the  sector,  and  P„  is  a  normalizing  factor. 
Hm( z)  is  the  Hankel  function  of  the  second  kind  of 
order  m  (commonly  denoted  by  ),  and  H'm(z) 

is  the  derivative  of  Hm(z).  In  terms  of  the  Bessel  func¬ 
tion  ,/„,(z)  and  the  Neumann  function  N,„{z), 

Hm{z)  =  Jm(z)  -  jNm(z). 

Table  1  gives  the  values  of  /„,( z)  and  N,„(z)  for  par¬ 
ticular  t  allies  of  the  argument  and  order  of  interest. 


Values  of  the  Neumann  function  were  calculated  by 
a  recursion  formula.  The  radius  of  the  cylinder  is  a 
and  It  is  the  wave  number  of  the  signal;  that  is, 


where  A  is  the  wave  length  of  the  signal.  Thus  the 
dimensionless  number  kn  is  the  number  of  wave¬ 
lengths  in  the  circumference  of  the  cylinder. 


Table  1 


m 

■U12) 

•V2> 

U™) 

U20> 

'V20> 

m 

JJ-') 

.V  (24) 

m  ' 

\„(28) 

0 

0.0177 

-0.2252 

-.1749 

.0958 

.1670 

.0626 

0 

-0.0562 

-0.1528 

—0.0732 

0.1.318 

1 

-0.2234 

-0.0571 

.0904 

.1780 

.0668 

— .  1  (555 

1 

-0.1540 

0.0531 

0.1306 

0.0755 

2 

0.0819 

0.2157 

.1862 

.0736 

.1603 

.0792 

2 

0.0434 

0.1573 

0.0825 

0.1264 

3 

0.1951 

0.1290 

.0438 

.1964 

.0989 

.1497 

3 

0.1613 

0.0269 

0.1188 

0.0936 

4 

0.1825 

0.1512 

.2026 

.0001 

.1307 

.1211 

4 

0.0031 

0.1610 

0.1079 

0.1061 

5 

0.0735 

0.2298 

.0575 

.1963 

.1512 

.1000 

5 

0.1623 

0.0278 

0.0879 

0.1240 

6 

0.2437 

0.0403 

.1667 

.1228 

.0551 

.174! 

6 

0.0646 

0.1524 

0.1393 

0.0621 

7 

0.1703 

0.1895 

.1825 

.1042 

.1842 

.0014 

7 

0.1300 

0.1040 

0.0282 

0.1506 

8 

0.0451 

0.2614 

.0070 

.2140 

.0739 

.1710 

8 

0.1404 

0.0917 

0.1534 

0.0132 

9 

0.2304 

0.1590 

.1895 

.1098 

.1251 

.1412 

9 

0.0364 

0.1651 

0.0595 

0.1431 

10 

0.3005 

0.0229 

.2062 

.0905 

.1865 

.0439 

10 

0.1677 

0.0321 

0.1152 

0.1052 

11 

0.2704 

0.1972 

.0682 

.2229 

.0614 

.1851 

11 

0.1033 

0.1384 

0.1118 

0.0679 

12 

0.195.3 

0.3386 

.1124 

.2160 

.1190 

.1598 

12 

0.0730 

0.1590 

0.0038 

0.1585 

13 

0.1201 

0.4800 

.2368 

.1011 

.204 1 

.0066 

13 

0.1763 

0.0206 

0.1450 

0.0679 

14 

0.0650 

0.7014 

.2724 

.0518 

.1464 

.1512 

14 

0.1180 

0.1366 

0.1309 

0.0955 

15 

0.0316 

1.1566 

.2399 

.1916 

.0008 

.2183 

15 

0.0386 

0.1800 

0.0142 

0.1634 

16 

0.0140 

2.1901 

.1775 

.3076 

.1452 

.1762 

16 

0.166.3 

0.0881 

0.1461 

0.0796 

17 

0.00570 

4.684 

.1150 

.42.35 

.2.331 

.0636 

17 

0.1831 

0.0622 

0.1527 

0.0724 

18 

0.00215 

1 1 .080 

.0668 

.5923 

.2511 

.0680 

18 

0.0931 

0.1765 

0.0391 

0.1675 

19 

0.000759 

28.56 

.0354 

.9093 

.2189 

.1860 

19 

0.0435 

0.2025 

0.1021 

0.1430 

20 

0.0002512 

79.35 

.0173 

1.567 

.1647 

.2855 

20 

0.1619 

0.1442 

0.1779 

0.0265 

21 

0.00007839 

235.96 

.0079 

3.008 

.1106 

.3849 

21 

0.2264 

0.0378 

0.1521 

0.1051 

22 

0.00002315 

746.45 

.0034 

6*131 

.0676 

.5229 

22 

0.2343 

0.0780 

0.0502 

0.1842 

23 

.0013 

14.40 

.0380 

.7654 

23 

0.2031 

0.1809 

0.0732 

0.1843 

21 

.0005 

35.08 

.0199 

1.237 

24 

0.1550 

0.2686 

0.1704 

0.1186 

25 

.0098 

2.205 

25 

0.1070 

0.3561 

0.2190 

0.0191 

26 

.0045 

4.274 

26 

0.0678 

0.4739 

0.2207 

0.0846 

27 

.0020 

3.908 

27 

0.0399 

0.6703 

0.1908 

0.1762 

28 

.0008 

19.78 

28 

0.0220 

1.034 

0.1473 

0.2552 

29 

.0003 

46.47 

29 

0.0114 

1.743 

0.1038 

0.3312 

30 

.0001 

114.98 

30 

0.0056 

3.178 

0.0677 

0.4370 

31 

0 

298,18 

31 

0.0026 

6.203 

0.0413 

0.6023 

32 

0 

810.10 

32 

0.0012 

12.85 

0.0237 

0.8967 

33 

0 

2294.6 

3.3 

0.0005 

28.05 

0.0129 

1.447 

31 

0 

6761.7 

34 

0.0002 

64.29 

0.0066 

2.515 

35 

0 

20645.0 

35 

0.0001 

154.1 

0.0033 

4.660 

36 

0 

65672.0 

36 

0.0015 

9.135 

37 

0.0007 

18.83 

38 

0.0003 

40.63 

39 

0.0001 

91.15 

40 

0.00005 

214.1 

41 

0.00002 

520,1 
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9-1-5  Single-Element  Patterns2-4 

The  amplitude  and  phase  patterns  of  single  ele¬ 
ments  in  several  cases  have  been  computed  from  equa¬ 
tion  (1).  Thus  ka  =  16  and  an  element  of  10  degrees 
in  Figures  1  and  2,  ka  =  20  and  an  element  of  10  de¬ 
grees  in  Figures  3  and  4,  and  ka  =  24  and  an  element 
of  714  degrees  in  Figures  5  and  6.  In  the  cases  ka  =  20 
and  24,  the  element  patterns  are  shown  under  two 
baffle  conditions.  A  diffraction  pattern  exists  in  the 
very  back  of  the  pattern  in  the  stiff  baffle  cases  with 
ka  =  20  and  24.  The  computations  are  not  made  at 


small  enough  intervals  to  reveal  the  fine  structure 
of  this  diffraction  pattern,  but  it  has  a  period  of  —■ 

degrees.  It  is  a  low-level  effect  and  relatively  unim¬ 
portant. 

9,6  Simplified  Single  Element  Theory 

As  may  be  seen  from  equation  (1),  the  pressure  pat¬ 
tern  P  of  a  sector  of  a  cylinder  is  a  complex  function 
of  <j>;  that  is,  P  has  a  real  and  an  imaginary  part,  which 
can  be  converted  into  amplitude  and  phase  angle. 
When  the  radius  of  the  cylinder  is  large  and  the 


Figure  2.  Phase  pattern  of  single  element  10  degrees 
wide  in  stiff  baffle,  ka  =  16. 


Figure  4.  Phase  pattern  of  single  element  10  degrees 
wide,  ka  =  20. 
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Ficcrk  5.  Amplitude  pattern  of  element  7i/£  degrees 
wide,  )<n  =  2-1. 


width  of  the  sector  is  small  compared  to  the  wave¬ 
length  of  the  signal,  simple  geometric  arguments  may 
be  used  to  obtain  a  good  approximation  to  P  over  the 
front  half  of  the  transducer;  that  is, 

—it  12  <<f><  it  1 2. 

Now  a  cylindrical  transducer  is  considered,  having 
a  narrow  active  sector  receiving  a  signal  from  a  dis¬ 
tant  source.  It  is  assumed  that  the  source  is  stationary 
and  at  an  angle  <f>  =  0,  so  that  the  pattern  of  an  ele¬ 
ment  is  obtained  by  measuring  the  response  of  the 
element  as  the  transducer  is  rotated  about  its  axis. 


Fk.crf.  6.  Phase  pattern  of  element  7i/>  degrees  wide, 
ka  =  24. 


Pk.i'ri:  7.  Section  of  cylindrical  transducer  showing  path 
differences. 

When  the  element  is  at  a  typical  angle  <£,  the  situation 
is  as  shown  in  Figure  7;  the  extra  distance  which  a  sig¬ 
nal  must  travel  to  reach  the  element  in  this  position, 
as  compared  to  when  it  is  at  4>  =  0,  is  <i(l  —  cos  <£). 
'l  he  lag  in  the  phase  of  the  signal  is  then 

P  =  /<«(!  —  cos  </>)  radians.  (2) 

The  normalized  amplitude  of  P  is  proportional  to  the 
projection  of  the  element  in  the  direction  of  the  in¬ 
coming  signal,  and  is  given  by 

\P\  =  cos  (3) 

Equations  (2)  and  (3)  hold  only  over  the  illuminated 
half  of  the  cylinder.  In  the  shadow  region  this  simpli¬ 
fied  analysis  gives  P  =  0.  Actually,  this  is  not  the  case, 
though  the  back  sensitivity  is  well  below  the  front 
sensitivity.  To  get  an  accurate  picture  of  this  diffrac¬ 
tion  effect,  reference  must  be  made  once  more  to  the 
exact  formula  for  the  pattern  given  in  equation  (1). 

91-7  Time  Delay  Concept 

Mention  has  been  made  of  the  phase  pattern  of  P 
as  determined  from  equation  (1)  or  as  approximately 
given  by  equation  (2).  It  is  perhaps  more  accurate  to 
speak  of  time  lags  or  delays,  for  the  lag  in  phase  is 
caused  by  the  additional  time  delay  of  signals  reach¬ 
ing  elements  removed  from  the  acoustic  axis  of  the 
transducer.  If  t'  is  the  time  it  takes  the  signal  to  travel 
a  distance  equal  to  the  radius  of  the  cylinder,  and  if  t 
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<J>  In  DECREES 

Figure  8.  Single-element  time  delay  patterns. 


is  the  time  lag  of  the  signal  in  reaching  the  element  at 
an  angle  </>  compared  with  the  element  at  </>  =  0,  then, 

-  1  —  cos  <f>.  (4) 

This  holds  as  long  as  —tt/2  <<j><  tt/2,  and  is  based  on 
the  same  simplified  assumptions  as  those  upon  which 


O  iO°  20°  30°  40°  a  50°  60°  70°  80°  90° 


Figure  9.  Directivity  ratio  o£  sector  of  cylinder  of  angle 
a,  ka  =  24. 


(2)  is  based.  An  extension  of  this  formula  for  elements 
in  the  shadow  region  may  be  obtained  if  it  is  assumed 
that  the  signal  travels  along  the  circumference  in 
order  to  reach  elements  in  the  back  of  the  transducer. 
Then 


+  <5> 

This  holds  when  7t/2  <  \4>\  <  n.  The  curves  in  Figure  8 
have  been  plotted  to  show  how  closely  the  actual  time 
delays  fit  the  relations  above.  Here  the  differences  be¬ 
tween  the  time  delays  computed  from  the  exact  equa¬ 
tion  (1),  and  the  time  delays  given  by  equations  (4) 
and  (5),  are  plotted  as  functions  of  the  angle  </>.  The 
curves  group  themselves  according  to  the  baffle  condi¬ 
tions  assumed,  but  in  both  cases  the  approximations 
of  equations  (4)  and  (5)  are  good. 

The  concept  of  time  delay  was  introduced  for  sev¬ 
eral  reasons.  One  was  that  time  delay  has  a  simple  and 
obvious  geometrical  explanation  which  is  independ¬ 
ent  of  the  frequency  of  the  signal.  This  fact  is  im¬ 
portant,  for  example,  in  the  construction  of  an  elec¬ 
trical  network  to  simulate  in  amplitude  and  phase 
the  pattern  of  a  single  element  of  a  transducer.  An 
artificial  transducer  line,  as  a  network  of  this  type 
is  sometimes  called,  is  usually  a  tandem  arrangement 
of  phase-lagging  sections  and  the  desired  voltages  are 
tapped  off  at  the  proper  points  along  the  line.  The 
phase-lagging  sections  are  simple  low-pass  filters 
which  have  a  fairly  constant  time  delay  per  section 
over  a  range  of  frequencies.  Hence  the  same  artificial 


Figure  10.  Amplitude  pattern  of  40-degree  sector  (min¬ 
imum  directivity  index),  ka  =  24. 
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I'k.i  rk  11.  Pattern  of  270-degree  sec  tor,  ka  =  21. 


transducer  line  can  be  used  to  simulate  various  real 
transducers  as  long  as  they  arc  of  equal  size  and  have 
the  same  number  of  elements,  even  though  they  may 
operate  at  different  frequencies. 

918  Sector  Pattern  of  Minimum 
Directivity  Ratio1 

It  is  noticed  that  the  amplitude  pattern  of  a  10- 
degree  sector  is  slightly  narrower  than  that  of  a  714- 
degree  sector.  This  narrowing  of  the  pattern  is  ex¬ 
pected  as  the  width  of  the  sector  increases  through 
small  angles.  On  the  other  hand,  the  pattern  of  a  sec¬ 
tor  of  360  degrees,  a  pulsating  cylinder,  is  uniform  in 
all  directions.  Hence  a  pattern  of  minimum  width  or 
minimum  directivity  ratio  may  he  expected  for  some 
intermediate  angular  width  of  sector.  In  Figure  9,  the 
directivity  ratio  of  a  sector  of  a  cylinder  of  ha  =  2  !  is 
plotted  against  the  angular  width  of  the  sector.  The 
two-dimensional  directivity  ratio  of  a  normalized  pat¬ 
tern  P(<j>)  is  defined  as 

D-±r  Kw 

*  J  —  7T 

The  minimum  is  seen  to  exist  for  a  sector  of  width  10 
degrees  under  both  baffle  conditions;  this  minimum, 
however,  is  very  broad.  In  Figure  10  the  amplitude 
pattern  of  a  sector  of  40  degrees  is  shown. 


Fkji’rk  12.  Pattern  of  90-<lcgrcc  sector,  ka  =  24. 


919  Patterns  of  90-Degree  and  270- 
Degree  Sectors9 

For  depth-scanning  purposes,  it  is  of  interest  to 
know  the  patterns  of  a  270-degree  and  a  90-degree 
sector.  These  are  shown  in  Figures  11  and  12  for 
ka  =  21. 

92  COMMUTATED  ROTATION  [CR] 
SONAR 

9,2J  Introduction1 

In  CR  sonar  the  rotation  of  the  pattern  is  accom¬ 
plished  by  mechanically  turning  a  circular  array  of 
plates.  This  array  is  capacitively  coupled  to  a  similar 
stationary  array  to  which  the  signals  of  the  individual 
elements  of  the  transducer  are  applied.  A  detailed  de¬ 
scription  of  the  CR  sonar  system  is  given  in  Chapter 
5.  In  this  section  the  theory  of  pattern  formation  for 
CR  sonar  is  given.  It  is  worth  noting,  however,  that 
the  theory  developed  here  is  to  a  considerable  extent 
independent  of  the  exact  mechanism  of  the  rotation. 
For  example,  it  applies  equally  well  to  a  system  which 
uses  inductive  coupling  between  the  rotor  and  the 
stator.  The  basic  assumption  in  the  theory  is  that  the 
signals  from  the  various  elements  are  presented  indi¬ 
vidually  so  that  cadi  can  be  phased  and  attenuated 
by  a  desired  amount  and  then  combined  to  form  a 
resultant  signal  whose  amplitude  as  a  function  of 
direction  is  the  pattern. 
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9.2.2  Mathematical  Theory  of  CR  Sonar 
Pattern  Formation1,7'8 

If  P((/>)  is  the  pattern  of  an  element  centered  in  the 
direction  <f>  =  0,  then  the  pattern  of  an  element  whose 
midpoint  is  at  <f>  =  (j>k  is  P(<j>  —  <j>k).  If  the  excitation 
of  the  k'  element  has  a  magnitude  and  an  angle  equal 
to  that  of  the  complex  number  Uk,  then  the  resultant 
pattern  formed  by  all  the  elements  is 


be  exhibited.  It  is  much  more  desirable  to  set  up  a 
straightforward  mathematical  procedure  by  which 
the  U k  elements  may  be  determined  to  approximate 
a  previously  chosen  desirable  pattern.  This  is  the 
method  to  be  followed  here. 

A  pattern  which  has  a  major  lobe  width  of  2A 
radians  8.68  db  (pressure  1/e)  from  the  peak,  and 
which  has  the  desirable  characteristics  of  low  back 
radiation  and  no  minor  lobes  is  the  Gaussian  pattern, 


r($)  =  y  ukp(<t>  ~  4>k) 

k= 0 

X  —  l  oo 


sin  ma 


Dme 


jm  (0  — 


7c  =0  W 1  =  — oo 


Ro(<t>)  =  e 


—  (0/A)2 


This  is  not  a  periodic  function  of  <j>  and  is,  therefore, 
not  expandable  in  a  Fourier  series.  However,  when 
7r  /  A  >  >  1  the  periodic  function 


where  N  is  the  number  of  elements.  If  the  transducer 
acts  as  a  stiff  baffle,  Uk  is  spoken  of  as  the  velocity  of 
the  k'  element  and  all  Ulc  elements  together  form  a 
velocity  distribution.  If  the  transducer  presents  a 
pressure  release  baffle,  Uk  is  referred  to  as  the  pressure 
of  the  k'  element  and  all  Uk  elements  together  form  a 
pressure  distribution.  In  either  case,  however,  the 
attenuation  and  phasing  of  the  patterns  of  single 
elements  indicated  by  Uk  are  affected  by  electrical 
attenuation  and  phase-shifting  networks  which  com¬ 
bine  the  excitations  of  the  elements  to  form  the  final 
pattern.  It  may  be  assumed  that  the  only  interaction 
between  the  elements  of  the  transducer  is  through  the 
water;  that  is,  each  element  may  be  considered  as  a 
baffle  for  all  the  others.  Since  the  elements  are  con¬ 
tiguous  and  of  equal  angular  width  2 a, 


Ro  (<t>)  = 


oo 

z 

-v=-« 


closely  approximates  the  Gaussian  function.  Its  Four¬ 
ier  expansion  is 


Equating  the  corresponding  terms  of  R0(<j>)  and  R  (</>), 
the  following  system  of  equations  is  obtained: 


An  effort  may  now  be  made  by  trial  and  error  to 
find  the  Uk  elements  which  yield  the  best  pattern,  as¬ 
suming  that  ha  (determined  by  the  size  of  the  trans¬ 
ducer  and  the  signal  frequency)  and  A  are  given.  This 
method  of  procedure  was  employed  when  the  prob¬ 
lem  of  pattern  formation  by  a  cylindrical  transducer 
first  arose,  and  some  of  the  results  are  given  in  the  Re¬ 
port  on  Directivity  Patterns -1  It  is  obvious  that  such 
a  trial-and-error  method  has  many  limitations;  for 
example,  it  is  not  known  whether  or  not  the  pattern 
obtained  is  the  best  possible  one,  and  the  separate 
limitations  imposed  on  the  choice  of  ka  and  N  cannot 


Ar — 1 

J  U,c  B  ,n 


—jnuf)k 

e 


k=0 


e  ,  m  =  —  oo,  .  .,  0,  .  .,  oo 

(6) 


where 


B„ 


sin  ma 


Dm  =  B_ 


with  P0  chosen  to  equal  A/2  for  convenience.  Equa¬ 
tion  (6)  represents  an  infinite  system  of  equations, 
since  it  holds  for  each  integer  value  of  m.  Hence  it 
cannot  be  solved  exactly  for  the  2 N  unknowns; 
namely,  the  real  and  imaginary  parts  of  the  Uk  ele- 
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merits.  However,  the  equations  can  be  solved  in  a 
least  square  sense.  If  they  are  written  in  matrix  form, 


where 


and 


then 


(£>„,*-)  (£4)  =  K), 


bmk  — 


i 


c,„  =  e 


-(¥)' 


(bt9)T(bmk)(Uk)  -(b*,)T(cm), 


Cose  I 

Figure  13.  Two  positions  of  acoustic  axis  relative  to 
elements. 


If  these  values  are  substituted  in  equation  (7)  and  the 
periodicity  of  the  coefficients  is  used,  it  leads  to  the 
system  of  equations 


where  ( a)T  is  the  transform  of  (a).  This  is  a  system  of 
N  equations  in  the  N  complex  unknowns  U,r  Apply¬ 
ing  this  procedure  to  equation  (6),  the  following  is 
obtained: 


•V-l  •  A 

U" 

fc  =  0  f! 


iV-1 


X"*X 

k  —  0  m  —  —o 

co 

■1 


B  B*e 

**  m  1J  m c 


—  —  (V 


B*e  e  *  ,  g  =  0,  1, 


(?) 

N  -  1. 


Thus 


03 

y*  ^  B  m  +  v  X  &  *  -f  «  A 


-  X  <*>■ 


A2  (m  -f  /i -V ) - 


R*  +  nXe 


X, 


e  =  A„ 


•  (8) 


Instead  of  adopting  the  above  procedure,  a  solu¬ 
tion  may  be  attempted  by  minimizing  the  integral 


where 


/: 


\R(i>)-R0(4>)\^d<j> 


with  respect  to  the  Uk’s  where  R(<t>)  is  the  actual 
pattern  and  Rn((p)  is  the  Gaussian  pattern.  However, 
it  should  lead  to  the  same  set  of  equations  (7). 

There  are  two  cases  to  be  considered;  one  in  which 
the  line  of  symmetry  of  the  pattern  passes  through  the 
midpoint  of  an  element,  and  the  other  in  which  the 
line  of  symmetry  passes  between  two  contiguous  ele¬ 
ments.  These  are  called  Cases  I  and  II  respectively 
(see  Figure  13). 


oc 

X (±>' 


A"  (.v  —  »o= 


Bm+n\-e 


^  '  Rm  +  nX  Rm  +  nX 


The  plus  sign  is  used  in  Case  I,  the  minus  sign  in  Case 
II.  Ordinarily,  only  the  principal  two  terms  in  these 
series  arc  important,  so  that 


_(A»)  = 

B*e  a 

B„,B*  +  Bx_mBS-m 


A2  (Y  —  m)  = 


Am  = 


4>k  =  i 


2t r 

N‘ 

2tt 

JV 


("+0 


Case  I 

Case  II 


The  set  of  equations  (8)  can  be  solved  for  the  Uk’ s. 
The  following  is  a  summary  of  the  relations  between 
Am  and  Uk  in  trigonometric  form.  N  is  assumed  to  be 
even. 
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Case  I: 

I-1 

Am  =  (70  +  2^f/t  cos  jj-mk  +  (- 1)»‘  U {N/2) 

1 

N 

~2  — 1 

A0+2^Am  cos ^mk  +  (~)kA(N/2) 

m= 1 

Case  II: 

N 

2  _1 

Am  =  2^Uk  cos 

fc=0 


or, 

A»1  (10) 

The  conditions  (9)  and  (10)  are  actually  interre¬ 
lated,  and  are  more  stringent  than  they  need  to  be. 
Transducers  have  been  built  in  which  (9)  and  (10) 
have  both  been  violated  and  yet  the  patterns  have 
been  reasonably  acceptable.  Of  course,  everything  de¬ 
pends  upon  what  minor  lobe  structure  and  back 
sensitivity  are  acceptable.  The  order  of  magnitude  of 
the  principal  minor  lobe  may  be  obtained  by  sum¬ 
ming  the  terms  of  R0(<j> )  which  are  poorly  approxi¬ 
mated.  The  contribution  of  the  terms  exceeding 
m  =  N/2  is 


U,  =  A 


u*-ii 


A0 


§- 

fc  =  l 


Am  cos 


tK*  +  ?) 


4 


•3  Restrictions  on  Parameters 

Substituting  into  the  pattern  R(<j>),  it  is  found  that 


Thus  the  relation  exists, 

Error  in  Pattern  _  p  ,  / A  N\ 
Maximum  Ordinate  ‘  \  4  / 


(11) 


m  = 


jm<f) 

AmBme 


m  —  —  co 


Comparing  this  with  the  Gaussian  pattern  R0(<t>), 
which  is  being  approximated,  it  is  found  that  the 
parameters  ka,  N,  and  A  must  satisfy  certain  inequal¬ 
ities  if  the  approximation  is  to  be  good.  First,  in  order 
that  R($)  and  R0(<j>)  coincide  up  to  terms  for  which 
m  s~N/2,  it  must  be  that  \Bm\  <<  1  when  m  >  N/2. 
Since  decreases  rapidly  only  beyond  rn  =  ka, 

ka  «  — 


-«  -■ 
N  2 


(9) 


This  states  that  the  width  of  a  single  element  of  the 
transducer  must  be  less  than  half  a  wavelength. 
On  the  other  hand,  in  order  that  the  terms  beyond 
m  —  N /  2  (that  is,  the  terms  not  being  well  approxi¬ 
mated)  may  be  small, 

(¥)’»' 


where  Erfc  is  1  minus  the  error  integral 
2  r &  —  «2 

Erf  x  =  — /  e  du. 

V? r  Jo 

The  error  in  the  patterns  sets  an  upper  limit  to  the 
size  of  the  minor  lobes  obtained  with  the  given  ap¬ 
proximation.  Thus  if  A  >  8/N,  the  minor  lobes  are 
more  than  58  db  below  the  principal  maximum, 
while  if  A  =  4 /N,  the  minor  lobes  are  at  least  16  db 
below  the  principal  maximum  provided  that  the 
other  conditions  are  satisfied.  These  estimates  are 
pessimistic  as  seen  later  from  computed  theoretical 
patterns.  The  agreement  with  actual  patterns  such  as 
those  shown  in  Figures  24  to  28  is  much  better.  It  is 
interesting  that  the  criteria  (9),  (10),  and  (11)  set  no 
lower  limit  on  the  dimensions  of  the  cylinder.  This 
agrees  with  the  statement  at  the  outset  that  with  a 
continuous  cylindrical  source  of  any  radius  there  is 
always  a  velocity  or  pressure  distribution  which  gives 
a  Gaussian  pattern  of  any  width,  and  that  the  re¬ 
quired  distribution  may  be  approximated  by  a  suffi¬ 
cient  subdivision  of  the  cylinder  into  sections.  Since 
the  maximum  power  radiated  decreases  rapidly  with 
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the  dimensions  of  the  radiator,  it  should  be  as  large  as 
possible,  consistent  with  equation  (9)  and  with  me¬ 
chanical  limitations. 

9.2.4  Pattern  of  Minimum  Directivity 
Ratio1 

From  equation  (1 1)  it  can  be  seen  that  the  less  strin¬ 
gent  the  requirement  put  on  the  minor  lobes,  the  nar¬ 
rower  the  main  lobe  can  be  made.  It  is  of  some  inter¬ 
est  to  determine  the  narrowest  pattern  that  can  be 
obtained  with  a  given  size  radiator  and  a  given  num¬ 
ber  of  vibrating  sections.  This  problem  is  solved  in 
the  Report  on  Directivity  Patterns'  by  minimizing 
the  two-dimensional  directivity  ratio;  that  is,  the 
integral 

Actual  Pattern \-  d<j> 

subject  to  the  auxiliary  condition  that  the  maximum 
ordinate  is  kept  constant.  It  turns  out  that  the  veloc¬ 
ity  or  pressure  distribution  required  to  obtain  this 
pattern  of  minimum  directivity  ratio  is  the  same  as 
that  required  to  approximate  the  Gaussian  pattern  of 
zero  width,  that  is,  2 A  =0.  The  actual  pattern  ob¬ 
tained  then  is  the  error  in  the  approximation.  Pro¬ 
vided  the  width  of  the  individual  sections  is  less  than 
half  a  wavelength  as  before,  it  is  shown  in  the  Report 
on  Directivity  Patterns'  that  the  resulting  directional 
pattern  is  approximately  of  the  form 

sin  (N  +  1)  4>/2 
(Ar  +  1)  sin  <j>/2  ’ 

This  pattern  is  approximately  that  of  a  line  source 
whose  length  is 


the  major  lobe  6  db  from  the  peak  is  approximately 
432 1 N  degrees,  which  is  9  degrees  when  .V  =  48. 
From  the  above  equations  it  can  be  seen  that  the  total 
angular  width  of  the  major  lobe  is  just  twice  the 
angular  width  of  one  of  the  elements.  The  principal 
objection  to  this  pattern  of  minimum  directivity  ratio 
is  the  height  of  the  minor  lobes,  which  is  only  13.5  db 
below  the  peak  of  the  major  lobes. 

9-2r>  Computation  Program9 

To  what  degree  the  conditions  stated  in  (9)  and 
(10)  may  be  violated  is  one  of  the  important  unsolved 
problems  of  transducer  design  and  pattern  forma¬ 
tion.  It  is  interrelated  with  the  problem  of  the  opti¬ 
mum  choice  of  the  number  of  elements  to  use  in  form¬ 
ing  the  pattern,  which  in  turn  depends  on  the  width 
ol  the  pattern,  minor  lobe  limitations,  and  back  sensi¬ 
tivity.  A  scanning  sonar  pattern  computer  has  been 
designed  which  should  not  only  contribute  appre¬ 
ciably  to  present  knowledge  of  how  best  to  choose  the 
available  parameters  to  form  a  desirable  pattern  for 
any  given  transducer,  but  should  also  reveal  a  good 
deal  about  the  allowable  tolerances  on  these  para¬ 
meters.  The  latter  subject  is  one  on  which  little  is 
known  at  present. 

The  principle  upon  which  the  pattern  computer  is 
designed  is  a  simulation  of  the  transducer  and  beam¬ 
forming  attenuation  and  phase-shift  networks  so  that 
the  parameters  may  be  varied  at  will  and  the  result¬ 
ing  patterns  obtained.  Let  tAr  and  fiT  be  the  ampli¬ 
tude  and  angle,  respectively,  of  the  voltage  of  the  ith 
clement  of  the  transducer,  and  ,AL  and  be  the 
amplitude  and  phase  of  the  voltage  transfer  at  the 
;th  position  of  the  electrical  beam-forming  line. 
Then  the  pattern  voltage  when  the  acoustic  axis 
passes  through  the  W  element  is 


;  =  (*+l)^ 


N+  1 
k 


i 


It  follows  that  /  becomes  larger  with  N  and,  hence, 
the  width  of  the  narrowest  attainable  pattern  dimin¬ 
ishes  as  AT  increases.  If  ka/N  =  1  /2  and  Ar  >>  1, 


so  that  the  length  of  the  equivalent  line  source  is  then 
ecptal  to  the  diameter  of  the  transducer.  The  width  of 


Thus  the  pattern  is  obtained  by  varying  It.  A  selected 
set  of  values  of  A h  and  0L  is  set  on  dials  by  the  oper¬ 
ator;  then  a  cam  which  carries  the  transducer  charac¬ 
teristics  (that  is,  the  A T  and  dT  information)  is  pushed 
through  the  machine  by  a  motor.  By  means  of  syn¬ 
chro  transmission,  a  turntable  on  a  directional  pat¬ 
tern  tracer  is  rotated  and  the  result  of  the  summation 
is  plotted  directly  by  the  pattern  tracer.  The  process 
of  summation  is  carried  out  electrically  through  ad- 
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Figure  14.  Schematic  diagram  o£  pattern  computer. 

dition  of  a  number  of  60-cycle  voltages  obtained  from 
circuits  of  the  form  shown  in  Figure  14.  A  phase-shift¬ 
ing  transformer  is  excited  from  a  three-phase  source; 
the  voltage  induced  in  the  secondary  is  constant  in 
amplitude  but  varies  in  phase  according  to  the  rota¬ 
tion  of  the  secondary.  This  rotation  is  produced  by 
rack  and  pinion  connection  to  a  cam  follower,  and 
the  phase  is  further  modified  in  accordance  with  dL 
by  hand-set  of  the  stator  angle.  AL  is  hand-set  on  one 
potentiometer,  and  the  other  is  cam-controlled  in  ac¬ 
cordance  with  the  amplitude  pattern  of  the  trans¬ 
ducer.  One  of  these  circuits  is  required  for  each  active 
element.  In  the  computer  recently  designed  provision 
is  made  for  a  maximum  of  24  such  elements. 

9  2  6  Determination  of  Pattern  Width8 

The  results  of  the  rather  limited  computations  so 
far  undertaken  are  given  here.  Investigation  is  first 
made  of  the  effect  of  the  choice  of  2A,  the  width  of 
the  pattern  on  the  required  electrical  phase  shifts  and 
attenuations  as  given  by  the  angle  and  magnitude,  re¬ 
spectively,  of  the  Uk’s.  The  velocity  distribution  Uk’s 
have  been  calculated  under  stiff  baffle  conditions  for 
ka  =  20,  N  =  36,  and  A  =  0.0,  0.100,  0.173.  The 


Figure  15.  Comparison  of  amplitude  distributions  on 
circular  transducer. 


single-element  patterns  are  shown  in  Figures  3  and  4. 
The  required  attenuations  and  phases  are  plotted  in 
Figures  15  and  16,  with  smooth  curves  through  the 
points.  The  curves  are  normalized  with  respect  to 
the  strongest  element  which  is  assumed  to  have  unit 
amplitude,  and  the  phases  are  referred  to  the  front 
element.  The  line  of  symmetry  of  the  pattern  passes 
through  the  midpoint  of  the  zero  element,  which  is 
Case  I  shown  in  Figure  13.  It  is  clear  that  the  phase 
distribution  is  not  critically  dependent  upon  the 
choice  of  A.  The  close  grouping  of  all  the  phase  dis¬ 
tributions  indicates  the  necessity  of  having  them  cor¬ 
rect  within  narrow  limits,  a  fact  that  has  important 
implications  on  the  uniformity  of  the  resonances  and 
£)’s  of  the  elements  of  the  transducer.  The  attenua¬ 
tion  distributions  for  the  various  values  of  A  vary 
widely  and  hence  can  be  considered  the  principal  de¬ 
terminants  of  the  width  of  the  pattern. 

9,2-7  Rotatability8 

First  a  general  theory  of  rotation  of  cylindrical 
beam  patterns  is  considered.  This  theory  does  not  as¬ 
sume  any  special  form  for  the  pattern  being  rotated. 
Therefore,  the  results  apply,  in  particular,  to  the  case 
of  a  Gaussian  pattern. 

The  essential  idea  for  the  production  of  rotating 
beam  patterns  is  exceedingly  simple.  It  is  most  easily 
demonstrated  for  the  case  of  a  continuous  distribu¬ 
tion  of  sources  on  a  cylindrical  radiator.  As  was  stated 
in  9.1.3,  by  a  proper  adjustment  of  the  amplitudes 
and  phases  of  these  sources  any  desired  form  of  sta¬ 
tionary  radiation  pattern  may  be  produced.  In  order 


Figure  16.  Comparison  of  phase  distributions  on  circular 
transducer. 
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to  generate  the  corresponding  rotating  pattern,  it  is 
only  necessary  to  rotate  the  given  phase  and  ampli¬ 
tude  and  distribution  of  the  cylindrical  radiator  with 
the  desired  angular  velocity.  Let  it  be  assumed  that 
the  phase  and  amplitude  distribution  necessary  to 
produce  the  required  stationary  pattern  is  given  by 
the  function 

—  lit  t 

A(4>)e  e  ,  (12) 

where  <f>  is  the  azimuth  angle  and  »>„  is  the  frequency 
of  the  signal.  This  function  can  be  expanded  in  a 
complex  Fourier  series  of  the  form 

CC 

tft(0)  —  iuj  \  in  — » 

A(<j>)e  e.  =  )  S„e  e 

It  —  CC 

The  rotating  distribution  corresponding  to  equa¬ 
tion  (12)  may  be  represented  by  the  function 

ia($  —  <crt)  —  i  uj 

A  (0  —  0),/)  c  c  t 

where  «r  is  the  angular  velocity  of  rotation.  Written 
in  the  form  of  a  Fourier  series,  this  becomes 

in(6  —  ic,l)  —  i  uj 
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This  represents  the  most  general  solution  of  the  prob¬ 
lem.  The  resulting  equation  (13)  shows  that  in  order 
to  produce  a  rotating  pattern,  it  is  necessary  to  use  as 
many  frequencies  as  there  are  Fourier  components  re¬ 
quired  to  produce  the  desired  stationary  pattern.  In 
case  equation  (12)  is  a  symmetrical  function  of  <f>,  as 
it  is  in  most  practical  cases,  it  may  be  represented  by 
a  cosine  series. 

00 

A(4>)  ea((j>)  =  ^  Cn  cos  n<j>.  (14) 

n=0 

The  result,  equation  (13)  may  then  be  written 
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CO 

-"T0-  cos  n  (</>  —  o),7).  (15) 

u  =n 


This  corresponds  to  the  excitation  of  each  source  with 
a  modulated  signal,  with  the  phase  of  the  modulation 
distributed  uniformly  around  the  circle.  In  the  gen¬ 
eral  case,  the  modulating  signal  is  non-sinusoidal  and 
must  contain  several  harmonics  of  the  fundamental 
rotation  frequency,  the  phase  of  each  harmonic  being 
controlled  by  the  order  of  the  harmonic.  The  relative 
amplitude  of  the  harmonics  and,  hence,  the  wave 
form  of  the  modulating  signal  is  determined  by  the 
desired  directional  pattern. 

In  practice,  it  is  not  possible  to  achieve  a  continu¬ 
ous  distribution  of  sources  on  the  cylindrical  radia¬ 
tor,  and  it  is  necessary  to  know  what  modifications 
must  be  introduced  into  the  theory  to  deal  with  an 
array  of  discrete  sources  in  the  scanning  sonar  trans¬ 
ducers  considered  in  this  report.  The  detailed  mathe¬ 
matical  analysis  is  set  forth  in  Appendix  V  of  the 
Progress  Report  on  Sonic  Locator  Developments .ln 

A  few  of  the  main  results  obtained  in  the  above  re¬ 
port  are  presented  here.  In  the  first  place,  it  is  impos¬ 
sible  to  obtain  a  pure  rotating  pattern  (that  is,  one 
which  rotates  without  periodic  distortion)  with  only 
a  finite  number  of  sources.  In  considering  such  a  finite 
set  of  sources  arranged  at  regular  intervals  on  the  cir¬ 
cumference  of  a  circle,  the  best  which  can  be  hoped 
for  is  a  directional  pattern  which,  as  the  rotation  is 
followed,  assumes  only  the  same  form  after  passing 
through  an  angle  equal  to  an  integral  multiple  of  the 
angular  distance  between  sources  on  the  circle.  Any 
pattern  of  such  an  array  of  sources  can  be  represented 
as  an  undistorted  rotating  pattern  plus  a  series  of 
rotating  patterns  which  oscillate  rapidly  as  they  ro¬ 
tate.  In  order  that  the  oscillating  part  of  the  pattern 
may  be  small  compared  with  the  undistortecl  rotating 
part,  it  is  necessary  that  the  distance  between  adjacent 
sources  on  the  circle  he  small  compared  with  the  umve 
length  of  the  emitted  radiation.  This  criterion  is  nec¬ 
essary,  though  the  relationship  attained  in  practice  is 
not  sufficient  to  ensure  that  the  radiation  pattern 
closely  approximate  an  undistorted  rotating  pattern. 

The  sharpness  of  a  pattern  bears  a  direct  relation 
to  its  Fourier  coefficients.  The  sharper  a  pattern,  the 
greater  the  number  and  the  higher  the  order  of  the 
Fourier  components  necessary  to  produce  it,  accord¬ 
ing  to  equation  (13).  This  implies,  according  to  equa¬ 
tion  (14),  the  necessity  of  a  correspondingly  large 
number  of  modulation  harmonics  to  produce  the  ro¬ 
tating  directional  pattern.  Generally  speaking. 
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Figure  17.  Amplitude  distribution  on  circular  trans-  Figure  18.  Amplitude  distribution  on  circular  trans¬ 
ducer,  A  =  0.  ducer,  A  =  0.1. 


where  A  is  the  angular  width  of  the  pattern  and  m  is 
the  order  of  highest  harmonic  changes  used.  It  is 
shown  in  the  above-mentioned  report  that  it  is  neces¬ 
sary,  in  order  that  the  pattern  rotate  without  exces¬ 
sive  distortion,  for  the  number  of  sources  to  be  at  least 
twice  the  order  of  the  highest  harmonic  used. 

The  foregoing  discussion  has  assumed  complete 
freedom  of  control  over  the  phase  and  amplitude  of 
the  signal  applied  to  each  transducer  element.  One 
practical  method  of  producing  modulation  of  the 
phase  and  amplitude  applied  to  such  elements  is  to 
couple  the  signal  source  to  (or  from)  the  transducer 
elements  by  a  condenser  whose  capitance  changes  in 
a  prescribed  way  with  time.  This  may  be  recognized 
as  one  way  to  describe  the  function  of  the  capacitive 
commutator,  since  its  arrangement  provides  for  a  ca- 
pacitative  coupling  which  varies  from  zero  to  full 
registration. 

It  would  theoretically  be  possible  to  consider  ana¬ 
lytically  the  time  variation  of  excitation  of  a  single 
transducer  element  as  it  is  coupled  capacitatively  to 
successive  points  on  the  rotor  lag  line,  to  resolve  this 
time  variation  into  its  48  components,  and  to  synthe¬ 
size  these  components  according  to  the  prescription 
of  equation  (15).  Such  an  approach  has  formidable 
difficulties,  however,  and  it  has  not  been  undertaken. 

Alternatively,  the  relative  phase  and  amplitude 
distribution  for  the  various  elements  of  the  trans¬ 
ducer  corresponding  to  a  particular  in-register  posi¬ 
tion  of  the  commutator  might  be  considered,  the  di¬ 
rectional  pattern  produced  by  this  distribution  of 
excitation  might  be  computed  and  the  results  com¬ 
pared  with  a  similar  computation  of  the  directional 


pattern  produced  for  the  distribution  of  excitation 
provided  by  a  mid-register  position  of  the  commuta¬ 
tor.  Unfortunately,  this  procedure  also  offers  formid¬ 
able  computation  difficulties.  It  has  been  found  easier 
to  compute  the  distribution  required  for  an  assigned 
directional  pattern  than  to  compute  the  directional 
pattern  for  an  assigned  distribution  of  excitation.  Ac¬ 
cordingly  an  indirect  approach  has  been  followed  in 
examining  analytically  the  special  problems  involved 
in  the  rotatability  of  the  Gaussian  patterns  utilized 
in  scanning  applications. 

In  the  preceding  discussions  of  pattern  formation, 
two  cases  have  been  distinguished:  Case  I  in  which 
the  beam  axis  bisects  a  transducer  element,  and  Case 
II  in  which  the  beam  axis  lies  midway  between  two 
adjacent  elements.  If  the  beam  pattern  is  rotatable,  it 
might  be  expected  that  interpolation  forms  of  Uk, 
the  complex  excitation  amplitude,  at  the  midpoints 
of  the  curves  drawn  for  Case  I  should  approximate 
closely  those  obtained  directly  for  Case  II. 

In  fact,  if  the  two  velocity  distributions  obtained 
in  this  way  differed  greatly,  it  would  seem  likely  that 
the  pattern  resulting  from  the  velocity  distributions 
is  not  rotatable;  that  is,  there  would  be  fluctuations 
in  the  shape  of  the  pattern  as  the  velocity  distribution 
is  rotated  smoothly  from  position  I  to  position  II  and 
then  farther  around  to  position  I  again.  Therefore, 
the  degree  to  which  the  velocity  distribution  of  Case 
II  coincides  with  the  velocity  distribution  obtained 
from  Case  I  by  smooth  curve  interpolation  may  be 
taken  as  a  measure  of  the  “rotatability”  of  the  pat¬ 
tern.  It  is  not  known  how  large  a  disparity  between 
the  two  velocity  distributions  may  be  possible  under 
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Fici'rk  19.  Amplitude  distribution  on  circular  trans¬ 
ducer,  A  =  0.173. 


Eku'ri:  21.  1’liasc  distribution  on  circular  transducer, 
A  =  0.1. 


the  requirement  that  the  pattern,  in  actual  practice, 
be  rotatable.  However,  it  has  not  been  difficult  to 
exercise  judgment  on  the  matter  in  those  cases  which 
have  arisen  thus  far.  In  Figures  17  to  22  are  shown  the 
original  and  interpolated  amplitude  and  phase  distri¬ 
butions  for  A  =  0.0,  0.1,  and  0.173.  Fortunately, 
there  is  very  little  difference  between  the  pairs  of 
curves,  even  when  A  =  0.0  which  is  the  pattern  of 
minimum  directivity  ratio.  It  could,  therefore,  be  ex¬ 
pected  that  these  patterns  would  be  rotatable  as  has 
been  verified  in  practice.  A  shifting  in  the  major  lobe 
has  actually  been  observed  when  the  acoustic  axis  is 
between  the  positions  of  Case  I  and  Case  II.  This  can 
be  attributed  to  the  chord  rather  than  arc  interpola¬ 
tion  that  occurs  in  practice.  It  is  hoped  that  this 
source  of  error  can  be  minimized  by  overlapping 


methods  and  by  increasing  the  number  of  plates  on 
the  rotor. 


9.2.8  Method  for  Improving  Rotatability11 

The  latter  suggestions  arc  considered  in  more  de¬ 
tail.  It  has  been  proposed  that  the  rotor  of  the  scan¬ 
ning  commutator  be  subdivided  into  96  (or  more) 
sections,  leaving  the  stator  at  48.  By  this  means  twice 
as  many  voltages  are  obtained  which  can  be  applied 
to  the  beam-forming  circuits  to  obtain  improved  ro¬ 
tation  of  the  beam.  It  is  to  be  understood  that  the 
transducer  still  has  48  elements  and  that  the  condi¬ 
tion  relating  beam  width  and  number  of  transducer 
sections  still  holds.  Thus  there  is  no  improvement  of 


Fic.i  rk  20.  Phase  distribution  on  circular  transducer, 
A  =0. 


Fiourf  22.  Phase  distribution  on  circular  transducer, 
A  =  0.173. 
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the  theoretical  pattern  by  this  device,  but  only  an 
increase  in  its  smoothness  of  rotation. 

In  order  to  explain  the  proposal  for  improving  the 
smoothness  of  rotation,  the  process  of  producing  the 
rotation  by  a  commutator  can  be  explained  with 
the  help  of  Figure  23.  The  points  on  this  diagram 
were  computed  to  exhibit  the  values  of  the  phase  and 
amplitude  which  should  be  applied  to  successive  ele¬ 
ments  of  the  transducer  in  order  to  produce  a  certain 
transmitting  pattern.  These  points  may  also  be  inter¬ 
preted  to  represent  the  attenuations  and  phase  shifts 
which  must  be  introduced  by  the  lag  line  in  order 
that  the  combined  outputs  of  the  transducer  elements 
may  produce  the  same  pattern  in  reception.  The 
points  labeled  0,  1,  2,  .  .  .  give  the  amplitudes  and 
phases  to  produce  a  pattern  whose  axis  of  symmetry 
bisects  the  “0”  transducer  element.  It  is  noted  that 
the  transducer  elements  which  correspond  to  the 
numerals  0,  1,  2,  .  .  .  occupy  uniform  angular  inter¬ 
vals  around  the  transducer,  while  the  corresponding 
points  on  the  diagram  appear  at  angles  and  with  am¬ 
plitudes  corresponding  to  the  electrical  response  of 
corresponding  transducer  elements.  The  transducer 
elements  are  numbered  symmetrically  about  “0”  ele¬ 
ment  .  .  .  —  2,  —  1,  0,  1,  2  .  .  .  and  the  amplitude  and 
phase  of  the  response  is  the  same  for  negatively  num¬ 
bered  elements  as  for  those  positively  numbered. 

If  it  is  now  desired  to  produce  a  directional  pattern 
whose  axis  lies  midway  between  the  elements  0  and 
+  1,  a  position  on  the  transducer  which  might  be 
identified  as  +  y2,  a  similar  set  of  points  designating 
the  phase  and  amplitude  distribution  for  successive 
transducer  elements  may  be  added  to  the  diagram. 
These  points  may  be  numbered  y2,  iy2,  and  2]/2,  and 
so  forth.  This  distribution  of  phase  and  amplitude 
would  correspond  to  the  response  of  the  successive 
elements  of  a  transducer  which  had  been  rotated 
physically  by  half  the  angle  of  separation  of  the  ad¬ 
jacent  elements.  This  situation  can  be  represented  by 
renumbering  the  transducer  elements  —  \i/2,  —  y2, 
+y2,  + 1  y2,  and  again  the  points  on  the  diagram  may 
refer  to  elements  of  either  sign. 

When  the  commutator  signals  of  the  rotor  and 
stator  are  “in  register’’  there  is  a  one-to-one  corre¬ 
spondence  between  the  elements  of  the  transducer 
and  the  corresponding  signals  of  the  rotor.  Beam¬ 
forming  networks  may  be  connected  to  the  rotor  ele¬ 
ments  to  produce  directional  patterns  centered  either 
on  the  leading  element  “0”  or  on' the  i/g-position  cor¬ 
responding  to  the  midpoint  between  the  0  and  1 


Figure  23.  Amplitudes  and  phases  to  produce  scanning 
pattern. 


elements.  Symmetry  for  BDI  application  predisposes 
for  the  latter  choice  which  is  now  considered  further. 
Principal  attention  focuses  upon  the  situation  arising 
when  the  rotor  is  not  in  register  with  the  stator.  For 
want  of  better  information  it  is  assumed  that  the 
phase  and  amplitude  of  the  response  observed  for  the 
successive  rotor  signals  can  be  obtained  by  interpolat¬ 
ing  along  a  straight  line  joining  the  correspondingly 
numbered  points  in  the  figure.  Thus  when  a  rotor 
plate  equally  overlaps  the  two  stator  plates  y2  and 
1 1/2,  the  interpolation  would  be  along  the  straight 
line  joining  these  two  points  in  the  figure.  Inspection 
reveals  that  the  midpoint  of  such  a  line  does  not  fall 
far  from  the  point  1  in  the  figure.  This  difference  rep¬ 
resents  the  error  in  the  excitation  of  the  correspond¬ 
ing  element  with  regard  to  beam  pattern  formation 
for  this  intermediate  rotor  position.  The  error  is 
small  because  the  phase  displacements  for  the  first 
few  transducer  elements  are  small.  The  interpolation 
error  increases  rapidly,  however,  and  is  seen  by  in¬ 
spection  of  the  diagram  to  be  quite  large  for  elements 
more  than  3  or  4  removed  from  the  beam  axis.  It  is 
also  observed  that  the  nature  of  the  error  at  the  mid- 
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Figure  2-1.  Actual  pattern  of  Sangamo  XQFIA  unit  with 
rotor  and  stator  in  full  register  (Case  II). 


position  of  the  rotor  (that  is,  midway  between  in¬ 
register  positions)  is  a  progressive  reduction  in  ampli¬ 
tude  of  the  elements  removed  from  the  center.  This 
produces  broadening  of  the  major  lobe  and  reduc¬ 
tion  of  the  minor  lobes  with  respect  to  the  patterns 
formed  for  in-register  positions  of  the  rotor.  For  posi¬ 
tions  other  than  the  mid  position,  the  errors  in  phase 
and  amplitude  produce  distortion  of  the  pattern  and 
some  bearing  error.  These  effects  arc  shown  in  Fig- 


F'igurk  20.  Actual  pattern  of  Sangamo  XQHA  unit  with 
acoustic  axis  in  position  of  Case  I. 


tires  24  to  28,  which  represent  experimental  patterns 
obtained  with  a  unit  of  Sangamo  XQHA.12 

The  proposal  for  subdivision  of  the  rotor  into  96 
sectors  can  now  be  considered  in  detail.  These  sectors 
would  be  connected  to  a  beam-forming  network 
which,  in  order  to  produce  a  similar  beam  pattern, 
would  be  designed  to  provide  attenuations  and  phas¬ 
ings  as  represented  by  the  points  14,  34,  1 14,  and  so 
forth,  which  were  obtained  in  preparing  the  diagram 


Figure  25.  Actual  pattern  of  Sangamo  XQHA  unit  with  Figure  27.  Actual  pattern  of  Sangamo  XQHA  unit  with 

acoustic  axis  midway  between  positions  of  Case  I  and  acoustic  axis  midway  between  positions  of  Case  I  and 

Case  II  to  the  left.  Case  II.  Case  II  to  the  right. 
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Figure  28.  Actual  pattern  of  Sangamo  XQHA  unit  with 
acoustic  axis  in  position  of  Case  II,  rotor  is  displaced  7.5 
degrees  with  respect  to  Figure  24. 

by  interpolation.  There  are  now  two  positions  of 
registration  corresponding  to  excitation  of  the  trans¬ 
ducer  elements  according  to  the  mean  of  i/4  and  3/, 
of  I14  and  \3/4,  and  so  forth.  It  is  seen  that  these 
means  always  lie  closest  to  the  points  i/2,  U/2,  and  so 
forth.  There  is  still  some  slight  error  arising  from 
straight-line  interpolation  between  the  quarter  points 
and  the  pattern,  for  this  position  of  registration, 
would  differ  slightly  from  the  reference  pattern.  In 
the  second  position  of  registration  the  excitation 


Figure  29.  Attenuation  required  to  produce  pattern  with 
transducer  in  position  of  Case  II,  and  characteristics  as 
given. 


would  correspond  to  interpolation  between  the  pairs 
of  points  numbered  — 1/4  and  + 14 ,  3/4  and  1 3/4,  and  so 
forth.  Again  these  mean  positions  correspond  closely 
to  the  points  0,  1,  and  so  forth.  Thus  the  pattern  is 
nearly  correct  in  both  positions  of  registration,  that 
is,  334  degrees  instead  of  every  7  ]/2  degrees  as  before. 
However,  since  the  angular  displacement  between 
the  points  involved  in  the  straight-line  interpolation 
is  smaller,  the  maximum  errors  occurring  between 
the  positions  of  registration  are  very  much  smaller 
than  they  were  for  the  cases  in  which  the  number  of 
rotor  signals  corresponded  to  the  number  of  stator 
signals. 

9-2,9  Effect  of  Baffle  Conditions 

The  patterns  of  single  elements  under  the  two  con¬ 
ditions  of  stiff  and  release  baffles  have  already  been 
given.  Because  of  the  difference  in  these  patterns,  it  is 
also  expected  that  the  required  electrical  attenuation 
and  phase  shifts  differ.  The  extent  of  this  difference  is 
indicated  in  the  curves  in  Figures  29  and  30.  Here 
the  required  electrical  attenuations  and  phase  shifts 
are  shown  in  Case  II  position  under  stiff  and  release 
baffle  conditions  with  ka  =  24,  N  =  48,  A  =  0.1.  The 
phase  curves  are  very  much  the  same  to  45  degrees, 
and  the  difference  is  only  slight  from  there  to  60  de¬ 
grees.  However,  the  shading  curves  are  seen  to  be 
quite  distinct,  just  as  were  the  amplitude  patterns  of 
the  corresponding  single  elements. 


Figure  30.  Phasing  required  to  produce  pattern  with 
transducer  in  position  of  Case  II,  and  characteristics  as 
given. 
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Figi'RK  31.  Comparison  of  actual  single-element  pattern 
with  theoretical  single-element  patterns. 


9-210  Total  Attenuation  Pattern11, 11  ir' 

It  has  been  found  in  practice  that  the  amplitude 
patterns  of  single  elements  lie  between  those  com¬ 
puted  for  stiff  and  release  baffle  conditions;  on  the 
whole  they  arc  closer  to  those  for  the  release  baffle 
conditions  (see  Figure  31).  In  the  past,  this  difference 
between  practice  and  theory  was  corrected  by  inter¬ 
polating  between  the  required  electrical  attenuations 
under  the  stifr  and  release  baffle  conditions.  The  ex¬ 
tent  of  this  interpolation  was  indicated  by  the  posi¬ 
tion  of  the  actual  single-element  pattern  compared 
with  those  of  the  theoretical  single-element  patterns 
under  corresponding  baffle  conditions.  However,  a 
recently  adopted  method  of  adjusting  the  electrical 
attenuations  to  the  actual  transducer  is  simple  to  ap¬ 
ply  and  has  theoretical  justification. 

To  understand  this  method,  the  concept  of  total 
attenuation  pattern  must  be  introduced  as  the  prod¬ 
uct  of  the  single-element  pattern  and  the  electrical 
attenuation  “pattern.”  In  practice  this  product  is  the 
pattern  obtained  by  measuring  the  amplitude  of  the 
signals  from  each  of  the  elements  at  the  input  to  the 
lag  line  (after  they  have  been  electrically  attenuated) 
with  a  distant  source  on  the  acoustic  axis  of  the  trans¬ 
ducer.  This  pattern  includes  the  electrical  attenua¬ 
tion  as  well  as  the  attenuation  in  the  water;  dial  is, 
the  attenuation  caused  by  the  fact  that  the  element 
does  not  face  the  source.  It  may  be  expected  that  this 
total  attenuation  curve  will  yield  a  resultant  pattern 


Fk.ciu.  32.  Comparison  of  total  attenuation  patterns  for 
A  =  0.1. 


of  a  given  width  independently  of  the  single-element 
pattern.  If  this  is  true,  it  becomes  a  simple  matter  to 
take  into  account  the  actual  single-clement  trans¬ 
ducer  patterns,  since,  once  the  single-clement  pattern 
is  measured,  it  is  necessary  merely  to  introduce  the 
appropriate  electrical  attenuations  to  give  the  correct 
total  attenuation  pattern. 

To  verify  the  validity  of  the  assumption  concern¬ 
ing  the  constancy  of  the  total  attenuation  curve,  this 
curve  is  shown  in  Figure  32  for  stiff  and  release  baffle 
conditions  and  ha  =  24,  N  =  48,  A  =  0.1.  Already 
the  difference  in  single-element  patterns  and  required 
electrical  attenuation  patterns  has  been  noted.  Yet 
the  curves  in  Figure  32  are  surprisingly  alike  as  far  as 
GO  degrees  and  differ  by  only  4  db  at  70  degrees.  In 
practice  it  is  only  the  elements  in  the  front  120  de¬ 
grees  which  arc  used  in  forming  the  pattern.  There  is 
justification,  then,  for  adopting  the  method  described 
above  in  using  t he  total  attenuation  curve  to  adjust 
the  electrical  attenuation  curve  to  a  given  transducer. 

It  would  be  desirable  to  have  a  family  of  curves  giv¬ 
ing  the  total  attenuation  patterns  for  various  values 
of  A  and  ha,  but  this  would  require  a  rather  extensive 
calculation  program.  Therefore,  only  the  few  results 
which  arc  at  hand  are  given.  In  Figure  33,  the  total 
attenuation  curves  are  shown  for  A  =  0.0,  0.1,  0.173 
with  ha  =  20,  N  =  36,  computed  from  the  stiff  baffle 
case.  A  set  of  total  attenuation  curves  for  various 
values  of  ha,  with  A  fixed,  can  be  obtained  from  one 
such  curve  by  varying  the  angular  scale  inversely  as 
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Figure  33.  Total  attenuation  patterns  for  various  pat-  Figure  34.  Total  attenuation  curves  for  various  values  of 

tern  widths.  ka  with  A  =0.1. 


the  ka.  Thus  the  total  attenuation  curves  for  A  =  0.1 
can  be  obtained  from  the  one  in  Figure  32  for  ka  >  24. 
Such  a  set  of  curves  is  shown  in  Figure  34.  Care  must 
be  taken  in  extrapolating  to  smaller  values  of  ka. 

9-2u  Phase-shift  Requirements  in 
Forming  Pattern13’18 

It  has  been  shown  how  to  obtain  the  electrical  at¬ 
tenuation  which  must  be  introduced  to  fit  a  given 
transducer  and  obtain  a  pattern  of  a  given  width. 
The  corresponding  electrical  phase  shifts  or  time  de¬ 
lays  which  must  be  introduced  are  as  easily  obtain¬ 
able,  for  it  develops  that  time  delays  introduced  elec¬ 
trically  should  be  just  enough  to  compensate  the 
varying  time  delays  in  the  water.  This  is  admittedly 
not  exact,  but  holds  well  around  to  <£  =  70  degrees  or 
80  degrees  when  a  pressure  release  baffle  is  assumed. 
This  is  shown  in  Figure  35,  where  the  phase  pattern 
of  a  single  element  is  shown  with  the  electrical  phase 
pattern  which  must  be  introduced  to  obtain  a  pattern 
with  A  =  0.1.  Although  this  result  does  not  hold  so 
closely  when  a  stiff  baf^e  is  assumed,  there  is  no  great 
difference  between  the  two.  As  already  stated,  the 
transducer  approximates  a  release  baffle  more  closely 
than  it  does  a  stiff  baffle  (see  Figure  31).  It  has  already 
been  seen  that  the  electrical  phase  pattern  is  rela¬ 
tively  insensitive  to  changes  in  A.  It  is,  therefore,  rec¬ 
ommended  that  the  electrical  phase  pattern  should 
coincide  with  the  phase  pattern  of  a  single  element. 


If  the  pattern  of  a  single  element  is  not  available  but 
the  dimensions  of  the  transducer  are  known,  time  de¬ 
lays  should  be  introduced  into  the  signals  of  the  vari¬ 
ous  elements  which  just  compensate  for  those  suffered 
in  the  water.  In  this  respect  a  phenomenon  should  be 
mentioned  which  is  as  yet  unexplained.17  It  has  been 
found  that  the  phase  pattern  as  based  on  actual 
measurements  of  a  single-element  pattern  has  corre¬ 
sponded  to  that  of  a  transducer  of  larger  ka  than  that 
which  the  actual  frequency  of  the  signal  and  physical 


Figure  35.  Comparison  of  single-element  phase  pattern 
with  required  electrical  phase  pattern  to  form  acoustic 
pattern  with  release  baffle;  ka  —  24,  A  =  0.1. 
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riGi'RE  36.  I  hcoretical  ]>attcrn  of  segmented  pressure  re¬ 
lease  cylindrical  transducer  using  A'  elements  in  beam 
formation:  A. 

dimensions  of  the  transducer  would  indicate.  This 
disparity  has  been  found  to  be  between  8  and  12  per 
cent.  No  satisfactory  explanation  of  this  effect  is 
known  at  present.  It  would,  therefore,  seem  highly 
desirable  that  the  first  recommendation  above  be  fol¬ 
lowed  whenever  possible;  that  is,  the  phase  pattern 
of  a  single  element  should  be  measured  and  the  elec¬ 
trical  phase  pattern  should  be  made  to  match  it.  If 
the  second  procedure  of  using  the  operating  fre¬ 
quency  and  dimensions  of  the  transducer  to  calculate 


Figure  38.  I  hcoretical  pattern  of  segmented  pressure  re¬ 
lease  cylindrical  transducer  using  .V  elements  in  beam 
formation:  C:. 

kn  is  adopted,  the  value  thus  obtained  should  be  in¬ 
creased  tentatively  by  10  percent  until  single-element 
patterns  have  been  measured  so  that  the  first  proce¬ 
dure  may  be  used. 

9.2.12  Effect  of  Limiting  Number  of 
Active  Elements1*' 10 

It  has  already  been  mentioned  that  in  practice  only 
a  limited  number,  usually  about  one  third,  of  the  ele- 


H 


Figure  3/.  Theoretical  pattern  of  segmented  pressure  re¬ 
lease  cylindrical  transducer  using  N  elements  in  beam 
formation:  B. 


Figure  3!).  Theoretical  pattern  of  segmented  pressure  re¬ 
lease  cylindrical  transducer  using  Ar  elements  in  beam 
formation:  1). 


CONFIDENTIAL 


COMMUTATED  ROTATION  [CR]  SONAR 


453 


Figure  40.  Theoretical  pattern  of  segmented  pressure  re¬ 
lease  cylindrical  transducer  using  N  elements  in  beam 
formation:  E. 


ments  are  used  in  forming  the  pattern.  This  is  done 
to  minimize  the  number  of  sections  in  the  lag  line 
and  thereby  to  reduce  the  labor  of  building  the  high 
precision  lag  lines  required,  and  also  to  reduce  the 
space  occupied  by  the  lag  line  in  the  commutator.  It, 
therefore,  becomes  of  interest  to  know  the  effect  on 
the  width  of  major  lobe  and  the  minor  side  and  back 
lobe  structure  of  the  resulting  patterns  when  using  a 
limited  number  of  the  elements  in  the  pattern  forma¬ 
tion.  Computations  have  been  made  with  ka  =  24, 
N  =  48,  A  =  0.1,  and  release  baffle  assumptions,  to 
obtain  the  final  pattern  when  2,  4,  6,  .  .  .  elements 
are  used  in  its  formation,  assuming  in  each  case  that 
the  elements  have  the  exact  attenuations  and  phase 
shift  required  by  theory.  These  patterns  in  groups  of 
four  are  shown  in  Figures  36  to  39  and  for  N  >  32 
in  Figure  40.  The  pattern  of  special  interest  is  that  in 
which  16  elements  are  employed,  since  this  is  the 
number  that  has  generally  been  used  in  practice. 
Here  the  width  of  the  major  lobe  is  practically  at  its 
required  value,  that  is  2A,  and  the  first  minor  lobe  is 
about  31  db  below  the  peak  of  the  major  lobe.  A  32- 
db  minor  lobe  appears  at  120  degrees,  while  the  sensi¬ 
tivity  from  60  degrees  to  120  degrees  remains  between 
32  db  and  34  db  below  the  major  lobe.  In  practice, 
the  variations  from  theory  can  be  expected  to  intro¬ 
duce  minor  lobes  in  this  sector  which  are  higher  than 
30  db  below  the  major  lobe.  This  has  been  found  to 
be  the  case,  with  the  120-degree  minor  lobe  being 
raised  about  6  db  above  that  predicted  by  theory. 


This  is  shown  in  the  pattern  of  Figure  24  of  an 
XQHA  Sangamo  unit12  in  which  16  elements  are 
used  in  forming  the  pattern.  It  is  noticed  that  the 
120-degree  minor  lobes  are  not  improved  by  using 
more  elements  in  the  pattern  formation.  In  Figure  41 
a  summary  is  shown  of  the  characteristics  of  the  pat¬ 
tern  as  a  function  of  the  number  of  elements  used.  It 
appears  that  the  use  of  16  elements  gives  close  to  opti¬ 
mum  results.  It  has  also  been  found  in  practice  that 
these  minor  lobes  deteriorate  steadily  as  the  condi¬ 
tion  is  violated  more  and  more. 

9.2.!3  Directivity  Ratio  in  Transmission 
and  Reception18’ 1S 

In  calculating  the  efficiency  of  a  transducer,  it  is 
convenient  to  know  the  directivity  ratio  of  the  pat¬ 
tern.  The  patterns  in  transmission  and  reception  for 
scanning  sonar  are  quite  distinct  and  hence  must  be 
treated  separately.  The  pattern  in  transmission  when 
all  the  elements  are  excited  uniformly  is  closely  that 
of  a  line  source  of  length  equal  to  the  length  of  the 
transducer.  If  the  length  of  the  transducer  is  greater 
than  several  wavelengths,  the  directivity  ratio  is 
given  by 


If  the  pattern  in  transmission  is  available,  it  is  advis¬ 
able  to  use  the  curves  in  Figure  42  which  gives  the 
directivity  ratio  as  a  function  of  the  major  lobe 
width.  These  curves  are  based  on  the  assumption  of  a 
line  source  whose  first  minor  lobes  are  13.5  db  below 


Figure  41.  Characteristics  of  pattern  as  function  of  num¬ 
ber  of  elements  used  in  forming  pattern. 
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Figure  42.  Directivity  ratio  D  and  directivity  index  d  of 
line  source  as  function  of  width  5  of  pattern,  3,  6,  and 
10  db  from  peak. 


the  peak.  If  there  is  a  difference  between  the  minor 
lobe  structure  of  the  actual  pattern  and  that  of  a  line 
source,  judgment  may  be  exercised  in  making  an  in¬ 
cremental  change  in  the  directivity  ratio  which  would 
account  for  the  difference  in  patterns.  In  this  way  the 
directivity  ratio  should  be  obtained  to  within  10  per 
cent.  Numerical  integration  must  be  resorted  to  if 
higher  accuracy  is  desired. 

The  pattern  in  reception  is  quite  directive  in  the 
horizontal  as  well  as  the  vertical  plane.  If  the  vertical 
pattern  is  closely  that  of  a  line  source,  and  if  the  pat¬ 
tern  in  the  horizontal  plane  is  narrow  and  with  low 
minor  lobes  (better  than  20  db),  the  directivity  ratio 
is  given  to  within  10  per  cent  by 

D  =  |slS210'-r-, 

where  81(  8,  are  the  widths  in  degrees  6  db  from  the 
peak  of  the  patterns  in  the  vertical  and  horizontal 
planes.  The  middle  chart  of  Figure  43  is  based  on  this 
formula. 

The  single  elements  of  a  transducer  have  patterns 
which  are  quite  directive  in  the  plane  through  the 
axis  of  the  transducer,  but  are  quite  broad  in  the 
plane  normal  to  the  transducer  axis.  The  directivity 
ratio  of  such  a  pattern  is  difficult  to  obtain  accurately 
without  resorting  to  numerical  integration.  If  25  per 
cent  accuracy  in  the  directivity  ratio  is  sufficient,  how¬ 
ever,  corresponding  to  an  accuracy  of  1  db  in  directiv¬ 
ity  index,  the  charts  on  Figure  43  may  be  used.  In 
general,  the  values  of  directivity  index  thus  obtained 
are  too  large. 


93  ELECTRONIC  ROTATION  [ER] 

SONAR 

9S-1  Introduction 

The  problem  of  pattern  formation  for  ER  Sonar  is 
quite  different  from  that  for  CR  sonar,  and  more 
difficult.  The  difficulty  is  twofold  because  the  number 
of  available  parameters  is  very  limited,  and  further, 
the  pattern  is  such  a  complicated  function  of  these 
parameters  that  it  is  extremely  difficult  to  decide  on 
a  choice  of  parameters  which  should  yield  the  best 
obtainable  pattern.  There  is  an  additional  compli¬ 
cating  factor  due  to  the  doppler  effect  introduced  by 
the  rotation.  This  effect  is  much  more  pronounced  in 
ER  sonar  than  in  CR  sonar  because  of  the  higher 
rotation  speeds  usually  used.' 

9.3.2  Pattern  Formation  in  Two  Stages20 

There  arc  two  stages  in  the  ER  sonar  pattern  for¬ 
mation.  In  the  first  stage,  the  signals  from  the  various 
elements  of  the  transducer  are  "mixed”  on  a  lead  line. 
Because  of  the  required  uniformity  of  the  pattern  in 
angle,  the  lead  line  sections  must  have  the  same  at¬ 
tenuation  and  phase  shift  between  elements  of  the 
transducer,  so  that  there  are  two  parameters,  the 
phase  shift  and  the  attenuation  per  section  of  lead 
line.  Thus,  the  voltage  occurring  at  each  section  of 
the  lead  line  is  the  vector  sum  of  the  voltage  due  to 
the  transducer  element,  to  which  the  point  is  directly 
connected,  and  the  voltages  of  all  the  other  trans¬ 
ducer  elements,  attenuated  and  phased  according  to 
the  lead  line.  This  voltage,  as  a  function  of  angle,  is 
called  the  lend  line  pattern. 

The  second  stage  of  pattern  formation  combines 
the  voltages  of  a  number  of  successive  elements  of  the 
lead  line.  This  combination  is  effected  by  switching 
devices  to  which  the  lead  line  voltages  are  applied. 
The  amount  of  each  signal  to  be  combined  is  deter¬ 
mined  by  the  shape  of  the  switching  pulse,  and  com¬ 
bining  involves  no  phase  shifting.  Both  vacuum  tube 
and  varistor  switching  have  been  investigated  experi¬ 
mentally.  When  triodc  switching  is  used,  the  Miller 
effect  (that  is,  the  increase  in  input  capacitance  due 
to  gridplate  capacitance)  effectively  shunts  the  lead 
line  with  a  capacitance,  thereby  changing  the  attenu¬ 
ation  and  phase  characteristics  of  the  lead  line.  This 
effect  introduces  additional  variables  which  may  be 
used  to  alter  the  pattern.  However,  it  also  greatly 
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3  d  b  6  db  10  db 


Figure  43.  Directivity  ratio  D  in  terras  of  total  pattern  widths  Si,  S2  in  degrees  between  points  3,  6,  and  10  db  below 
maximum. 


complicates  a  mathematical  analysis  of  the  pattern 
formation.  The  Miller  effect  is  not  present  in  varistor 
switching  unless  artificially  introduced,  and  in  the 
remaining  discussion  it  is  assumed  to  be  absent. 


If  now  the  pulse  shape  is  given  by 

the  final  pattern  is 


9-3.3  Mathematical  Theory  of  ER  Sonar 
Pattern  Formation21,22,23 


N-l 


w(<t>n)  =  m  -  *,)  v(<h)- 

1=0 


Equation  (1)  gives  the  pattern  P(<j>)  of  a  single  ele¬ 
ment.  To  obtain  the  pattern  of  an  element  centered 
at  an  angle  <j>k  with  the  principal  direction,  <j>  —  <j>k  is 
substituted  for  <j>  in  the  equation.  Let  the  attenuation 
and  phase  shift  per  section  of  the  lead  line  be  repre¬ 
sented  by  the  function 

©  =  eX  =  e’^  +  W, 


where  |  is  the  phase  shift  in  radians  and  20 rj  log10e  is 
the  attenuation  in  db  per  section.  Then  the  voltage 
appearing  at  an  angle  <j>,,  assuming  there  are  |  k  —  1 1 
elements  between  <f>k  and  <j>lt  is 


V(<h) 


^0i 


where  Ar  is  the  number  of  elements  in  the  transducer. 


Various  schemes  have  been  suggested  for  introduc¬ 
ing  phase  shifts  by  complex  switching  pulses.3-4  None 
of  these  suggestions  has  been  carried  out,  however, 
and  discussion  here  is  limited  to  the  situation  as  it 
exists  at  present.  This  imposes  a  condition  which  is 
not  easy  to  reckon  with;  namely,  '&(<!>)  ^  0  for  all 
values  of  <j>. 

The  summations  involved  in  the  expressions  for  V 
and  W  may  be  replaced  by  integrations,  provided 
that  certain  apparently  justifiable  assumptions  are 
made.  Let  the  lead  line  function  be 

—  eiWI  =  e  —  , 

so  that  the  attenuation  and  phase  shift  per  radian  are 
20alog10e  db  and  b  radians,  respectively.  Then  the 
lead  line  pattern  is  given  by 

V(6)  =  r  ©ty  -  6)P(f)dt  =  H  ®(t)P(8  + 

J  —  CO  J  —  CO 
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0(f)  =  ©(-*), 


F(fl)=  /  0W[P(H^)  +  P(«-f)]df 


The  final  pattern  can  be  written  as 


W(<f>)  =  /  V{6)*{6  -  <t>)d6 


J—7! 


(6  +  $)*(&)  d9. 


P(9  +  <p)  +  P( 0  -<p)  =  2^A„  cos 

—  00 

[ 

/•oo  /*  00 

I  &(<p)  cos  niipdip  =  /  cos  m <l> dtp 

—  1. 
2  |_£  +  m  4  -  wj 


D,„  cos  w?0 


00 

JF(f)  =  2tt^T 


£-  -  w- 


where 


>*(0)r/0. 


_  2  r- 
"Jo 


ir(9)  cos  mOdd, 


condition  is  difficult  to  take  into  account  mathemati¬ 
cally.  Since  D„  =  D_„  and  /4„,  =A_m, 

W(4)  =  2tt  l-4--  +  2  X  w"  C°S  m<t>  ‘ 


Now  the  amplitude  pattern  which  it  would  be  desir¬ 
able  to  approximate  is  the  Gaussian  pattern  e  “ 
which  has  the  Fourier  expansion  (provided  7r/A 
>>1), 


cos  m<j> 


107  ,  +  2l ' 


It  is  clear  that  the  corresponding  coefficients  of  TF(f) 
and  R(4>)  cannot  be  simply  equated,  since  A,„  must  be 
real.  An  alternative  procedure  woidd  be  to  obtain  the 
expression  for  I!7(<£)  W*(<j>)  which  has  real  coefficients, 
and  then  equate  these  coefficients  with  those  of  R2(<j>). 
This  leads  to  quadratic  equations  in  the  A,„’s  in 
which  there  are  more  equations  than  unknowns.  At 
this  point  the  method  of  least  squares  may  be  used  to 
determine  the  Am’s.  However,  it  is  extremely  unlikely 
that  the  A,„’s  obtained  in  this  manner  satisfy  the  re¬ 
quired  conditions  that  they  be  Fourier  coefficients  of 
a  one-signed  function.  Also,  the  degree  of  approxima¬ 
tion  to  a  Gaussian  pattern  is  known  not  a  priori.  This 
method  of  procedure  has,  therefore,  been  dropped. 

I'he  expression  given  at  the  outset  for  the  pattern 
of  a  single  element  is  an  exact  expression.  It  is  ap¬ 
proximated  well  over  an  angle  of  90  degrees  on  either 
side  of  the  element  by 


P(4> )  =  cos  <f>  e 


-jkn  ( 1  —  cos0) 


If  we  make  use  of  the  expansion 


TO 

t-ncOS0  =  ^  Jp(ka) 


H?-*) 


if  *(<£)  =  *(—<£).  In  the  expression  for  W (<}>),  Dm  is 
a  given  complex  number,  f  is  an  arbitrary  complex 
number  with  two  parameters,  and  A„,  is  a  real  num¬ 
ber  and  arbitrary  except  that  it  must  be  the  Fourier 
coefficient  of  a  one-signed  function  T($).  This  last 


the  lead  line  pattern  is  then  given  by 


V(6)  =  2e 


->(*•«+ f) 


V  J/(ka)i 

Zj  a-  j 


i(b  +  P ) 


cos  p9. 
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0  7.5  15  22.5  30  37.5  45  52£  60  67.5 

IN  DEGREES  ; 

Figure  44.  Amplitude  pattern  of  first  stage  of  ER  sonar. 


O  15  30  45  60 

$  IN  DECREES 

Figure  46.  Amplitude  pattern  on  ER  sonar  lead  line. 


This  pattern  has  been  computed  when  ka  =  24  in  the 
two  cases  a  —  ?>,b  =  2n,  and!  a  =  1,  b  =  2ir.  The  quan¬ 
tity  b  —  2-k  corresponds  to  a  phase  shift  of  about  1 
radian  per  section  of  lead  line  for  a  48-element  trans¬ 
ducer,  while  a  =  3  corresponds  to  a  little  over  3  db 
attenuation  per  similar  section  of  lead  line  and  a  =  1 
to  a  proportionally  smaller  attenuation.  The  lead 
line  amplitude  patterns  are  shown  in  Figures  44  and 
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Figure  45.  Phase  pattern  of  first  stage  of  ER  sonar.  Figure  47.  Phase  pattern  on  ER  sonar  lead  line. 


46,  and  the  corresponding  phase  patterns  are  shown 
in  Figures  45  and  47. 

9'3,4  Rotation  Doppler24 

An  examination  of  the  patterns  mentioned  above 
reveals  a  correlation  between  the  positions  of  the 
minor  lobes  on  the  amplitude  patterns  and  the  re- 
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Figure  18.  F.R  sonar  amplitude  patterns  of  three  ele¬ 
ments  conducting  in  ratio  lead  line  constants. 

a  =  3,  I>  =  2*-. 


Figure  50.  ER  sonar  amplitude  patterns  of  three  ele¬ 
ments  conducting  in  ratio  l:.v:l,  lead  line  constants, 

„  =  !./,  =  2i. 


gions  of  minimum  slope  on  the  corresponding  phase  function  of  time.  Then  the  frequency  shift  in  cycles 
patterns.  This  phenomenon  has  implications  upon  per  second  c  aused  by  9' s  being  a  function  of  time  is 
the  dopplcr  effect  introduced  by  the  rotation  itself. 

Let  6  =  6(t)  be  the  phase  in  radians  of  a  signal  as  a  /  =  ^  =  1  d#  t/c/> 

w  1  b  ’  2tt  til  2tt  d<j>  (It 


Figure  49.  ER  sonar  phase  patterns  of  three  elements 
conducting  in  ratio  l:.v:l,  lead  line  constants.  n  =  3, 
b  —  2  jr. 


where  4>  is  the  angle  with  the  principal  direction. 
Thus,  if  n  is  the  slope  of  the  phase  pattern,  and  r  the 
speed  of  rotation  in  rps, 

/  =  nr. 

For  example,  in  Figure  45,  the  slope  from  c/>  =  15  de¬ 
grees  to  <f>  =  22.5  degrees  is  approximately  154/7.5, 
while  between  </>  =  22.5  degrees  and  <j>  =  30  degrees 
the  slope  is  approximately  38/7.5,  If  the  rotational 
speed  is  300  rps,  these  figures  correspond  to  6. 1 6  and 
1 .52  kc  of  frequency  shift.  Thus,  the  rotation  doppler 
may  shift  the  frequency  of  the  signal  outside  the 
band  pass  of  the  receiver.  It  should  be  remarked  that, 
because  of  the  high  rotational  speed  of  ER  sonar,  a 
rather  wide  pass  band  is  required  to  permit  the  major 
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Figure  51.  ER  sonar  phase  patterns  o£  three  elements 
conducting  in  ratio  l:x:l,  lead  line  constants  a  —  1, 
b  =  2n. 


lobe  signal  to  pass  through  without  distortion.  For 
example,  a  pattern  20  degrees  wide  requires  a  band 


4>  IN  DEGREES 


width  of  5.4  kc.  Considerations  of  own  and  target 
doppler  are,  therefore,  unimportant.  The  smaller 
shift  occurs  where  the  most  phase  shift  is  needed; 
that  is,  at  the  minor  lobe.  The  improvement  in  the 
minor  lobe  structure  obtained  by  rotation  doppler  is 
difficult  to  evaluate  since  it  depends  upon  the  band¬ 
pass  characteristics  of  the  transformers,  tuned  cir¬ 
cuits,  and  so  forth.  For  example,  it  would  not  be 
known  if  a  pattern  with  15-db  minor  lobes  and  5-kc 
doppler  rotation  at  the  minor  lobe  is  better  or  worse 
than  a  pattern  with  20-db  minor  lobes  and  0.5-kc  rota¬ 
tion  doppler  at  the  minor  lobe,  unless  the  frequency 
characteristic  from  the  lead  line  to  the  point  of  recti¬ 
fication  were  known.  It  is  worth  noting  that  broad 
band  noise  is  not  discriminated  against  by  the  rota¬ 
tion  doppler  unless  selectivity  is  introduced  ahead  of 
the  rotor. 

9.3.5  Form  of  Switching  Pulse19 

Figures  48,  49,  50,  51  show  families  of  patterns  of 
amplitude  and  phase  when  three  elements  of  the  lead 
line  contribute  in  the  ratio  1:  x :  1  with  x  =  1,  2,  3,  4. 

It  appears  that  the  lead  line  pattern  is  23  degrees 
wide  with  minor  lobes  1 1  db  down  when  a  =  3,  which 
corresponds  to  the  lead  line  in  present  operation,  but 
when  a  =  1,  the  main  lobe  is  19  degrees  wide  and  the 
minor  lobe  is  only  5.5  db  down.  The  minor  lobe 
structure  is  greatly  improved  in  the  case  a  -  3  when 
three  elements  contribute  in  the  proportions  indi¬ 
cated,  as  shown  in  Figure  48.  The  corresponding  set 
of  curves  in  Figure  50,  for  the  case  a  -  1,  shows  only 
slight  improvement.  In  both  cases  the  major  lobe 
width  is  only  slightly  increased. 

It  has  been  suggested  that  as  good  results  may  be 
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Figure  52.  Amplitude  patterns  of  three  elements  con-  Figure  53.  Phase  patterns  of  three  elements  conducting 

ducting  in  ratio  l:x:l,  no  lead  line.  in  ratio  l:x:l,  no  lead  line. 
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Figure  54.  Comparison  of  amplitude  patterns  with  and 
without  lead  lines. 


obtained  if  the  lead  line  is  not  used  at  all.  In  order  to 
have  a  comparison  with  the  results  above,  the  pat¬ 
terns  of  three  elements  of  the  transducer  in  parallel 
and  in  varying  proportions  are  shown  in  Figures  52 
and  53.  These  patterns  do  not  compare  favorably 


with  those  for  which  a  lead  line  is  used.  The  curves  in 
Figures  54  and  55  have  a  further  bearing  on  the  ques¬ 
tion.  Here  the  patterns  of  minimum  directivity  index 
are  shown.  They  are  essentially  the  patterns  of  five 
transducer  elements  operated  in  parallel  and  with  no 
lead  line,  as  well  as  the  patterns  when  five  elements 
on  the  lead  line  ( a  =  3,  b  =  27r)  arc  conducting  in  the 
proportions  1:1: 1:1:1  and  1:4: 6: 4:1. 

94  CR  LAG  LINE  DESIGN 

0,41  Considerations  on  the  Choice 
of  the  Line 

It  has  been  shown  in  Section  9.2  that  signals  re¬ 
ceived  on  the  various  elements  of  a  scanning  sonar 
transducer  should  be  given  time  delays  which  are 
essentially  independent  of  frequency  in  order  to  form 
a  specified  pattern.  At  any  one  frequency  the  desired 
time  delays  can  be  obtained  with  any  nondissipating 
delay  line.  However,  if  the  phase  shift  of  this  line  is 
not  a  linear  function  of  frequency,  a  change  in  the 
operating  frequency  necessitates  a  change  in  the 
beam-forming  line. 

Thus,  although  a  simple  filter  section  such  as  a 
constant-/:  low-pass  filter  is  satisfactory,  it  is  neces¬ 
sary  to  use  a  section  with  a  more  linear  phase  shift  if 
greater  independence  from  changes  in  the  operating 
frequency  is  desired. 

94  2  Constant-#  Theory  — Curves 


Fhe  simplest  type  of  delay  line  is  the  constant-# 
low-pass  filter  of  Figure  5fiA  which  is  considered  as  a 

l.  L 


B  C 


Figure  55.  Comparison  of  phase  patterns  with  anti  with-  Figure  50.  Constant-/:  low-pass  filter  sections, 

out  lead  lines. 
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Figure  57.  Curves  for  determination  of  inductance  of 
constant-*  low-pass  filter. 


7 1/2  10 kc  15  20  25  30  35  40  45  50lt 


FREQUENCY 

Figure  58.  Curves  for  determination  of  capacitance  of 
constant-*  low-pass  filter. 


tandem  arrangement  of  symmetric  ir-sections  or  T- 
sections  as  in  Figures  56B  and  56C  respectively. 

If  Z/0  is  the  desired  image  impedance  at  zero  fre¬ 
quency,  and  if  /3  is  the  desired  phase  shift  at  an  angu¬ 
lar  frequency  a,  then  it  is  easy  to  show  that  the  design 
formulas  for  either  the  tt-  or  the  T-section  are25 


L  _  ZI0  sin  p 

0) 

henries, 

r  2tan/3/2 
»Z/0 

farads. 

Figures  57  and  58  give  design  curves  by  means  of 
which  L  and  C  may  be  chosen. 

9.4.3  Theory  of  ra-Derived  Sections26 

In  the  early  work  it  was  realized  that  a  delay  line 
with  linear  phase  shift  would  have  some  advantages. 
This  led  to  an  investigation  of  the  properties  of  the 
m-derived  section  of  Figure  59. 

If  k  is  the  coefficient  of  coupling,  the  section  of  Fig¬ 
ure  59  is  equivalent  to  an  m-derived  network  with 


rn  —  [(1  +  k)/(\  —  k)]'A  >  1.  Or  conversely,  a  mid¬ 
series  m-derived  low-pass  filter,  whose  prototype  is 
the  section  of  Figure  56,  can  be  achieved  by  the  use  of 
the  circuit  of  Figure  59  if  k  =  (m2  —  1  )/(m2  +  1). 

The  use  of  iron-cored  toroidal  inductances  in  the 
section  of  Figure  59  gives  a  coupling  coefficient  of  ap¬ 
proximately  0.9  which  corresponds  to  m  as  4.  Al¬ 
though  the  phase  shift  of  an  m-derived  section  with 
m  =  4  is  linear  over  only  a  small  portion  of  the  pass 
band,  it  is  still  approximately  linear  up  to  large 
values  of  the  phase  shift.  It  is  this  latter  consideration 
that  has  made  the  circuit  of  Figure  59  feasible,  even 
though  m  may  necessarily  be  as  large  as  4. 

The  circuit  parameters  are  chosen  on  the  basis  of 
the  assumption  that  the  phase  shift  is  linear  from 
zero  frequency  up  to  the  frequency  of  operation.  This 
assumption  is  valid  for  phase  shifts  up  to  120  degrees 
and  leads  to  the  following  simple  design  formulas27 


T  _  PZlQ 

360°  / 


henries, 


C  =  — 

360“  fZ10 


farads. 
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Figure  59.  A  mid-series  m-derived  low-pass  filter  section. 


Here  (i  is  the  desired  phase  at  the  angular  frequency 
to,  and  Z,0  is  the  image  impedance  at  zero  frequency. 

9AA  Aspects  of  m-Derived  Sections 

'If  the  prototype  is  a  constant-/*  low-pass  filter,  the 
phase  shift  of  the  m -derived  filter  with  m  =  4  is  of  the 
form  sketched  in  Figure  60.  The  phase  shift  is  fairly 
linear  up  to  (3  =  7r/2,  although  this  represents  only  a 
small  fraction  of  the  pass  region. 

In  some  of  the  filter  sections  that  were  designed 
with  a  large  impedance  the  measured  phase  shift  was 
found  to  be  linear  over  a  much  larger  fraction  of  the 
pass  region  than  could  reasonably  be  expected  on  the 
basis  of  m-derived  filter  theory.  This  behavior  was 
shown  to  be  produced  by  distributed  capacitance  in 
the  inductance  L.  The  slope  of  the  phase  shift  curve, 
evaluated  at  /  =  0,  is  the  same  regardless  of  the 
amount  of  the  distributed  capacitance.  This  means 
that  the  section  can  usually  be  designed  on  the  basis 
of  m-derived  sections  without  any  corrections  for  the 
distributed  capacitance. 

If  the  distributed  capacitance  is  of  the  same  order 
of  magnitude  as  the  shunt  capacitance  C,  the  network 
is  no  longer  an  m-derived  section  but  must  be  con¬ 
sidered  as  a  bridged-T  section.  A  detailed  analysis  of 
the  circuit  of  Figure  59,  with  explicit  allowance  for 
the  distributed  capacitance,  is  given  in  Section  9.6.2. 
It  is  briefly  mentioned  here  that  the  main  effect  of  a 
large  distributed  capacitance  is  to  decrease  the  value 
of  /„  without  changing  the  initial  slope.  This  effect 
obviously  leads  to  an  improvement  in  the  linearity  of 
the  phase  shift  characteristics. 

9-4-5  Insertion  of  Signal 

It  has  been  assumed  in  the  preceding  discussion 
that  the  filter  sections  have  no  dissipation.  This  is  not 
entirely  true  since  at  many  points  along  the  line  the 
transducer  elements  are  connected  through  bridging 
networks.  If  the  series  arm  of  the  bridging  network  is 


B 


Figure  60.  Phase  shift  versus  frequency  for  m -derived 

filter  with  m  s  I. 

so  large  that  it  has  little  effect  on  the  behavior  of  the 
line,  an  undue  amount  of  voltage  loss  is  produced. 
On  the  other  hand,  if  the  series  arm  is  small,  the  as¬ 
sumption  that  the  line  has  no  dissipation  is  not  justi¬ 
fied.  The  practical  solution  is  to  compromise  by  using 
a  bridging  resistor  that  is  several  times  the  image  im¬ 
pedance  of  the  line.  The  details  of  the  computation 
were  discussed  in  the  section  on  commutators  in 
Chapter  6. 

The  effect  of  the  bridging  resistors  is  twofold.  In 
the  first  place,  they  produce  attenuation  of  a  signal  as 
it  travels  down  the  line,  and  if  the  outputs  of  the  dif¬ 
ferent  transducer  elements  are  properly  attenuated 
before  being  inserted  in  the  line,  the  fact  that  the  dif¬ 
ferent  signals  travel  a  different  length  of  the  line  in¬ 
troduces  errors,  since  the  amount  of  attenuation  is 
proportional  to  the  length  of  the  path.  This  difficulty 
must  be  corrected  by  individually  altering  the  ampli¬ 
tude  of  the  signals  inserted  at  the  different  points 
until  the  total  attenuation  is  the  correct  amount.  The 
second  effect  is  that  the  phase  shift  of  a  line  is  altered 
by  the  introduction  of  dissipation.  This  effect  is  less 
pronounced  than  the  attenuation  phenomena  and  is 
inappreciable  in  the  lines  so  far  constructed. 

It  should  be  emphasized  that  the  method  of  using 
bridging  resistors  that  are  large  and  do  not  present 
much  loading  to  the  lag  line  is  not  the  only  solution 
to  the  problem  of  mixing  the  outputs  of  the  trans¬ 
ducer  elements.  Furthermore,  it  may  not  even  be  the 
best  practical  solution.  There  is  a  substantial  margin 
for  improvement  since  the  bridging  network  now 
used  introduces  approximately  20  db  of  loss  and  the 
lag  line  itself  introduces  another  4  db  of  loss.  Some, 
but  not  all,  of  these  losses  can  be  eliminated.  The 
major  advantage  of  the  present  system  is  that  since 
all  of  the  sections  of  the  lag  line  are  similar  the  possi¬ 
bility  of  errors  in  construction  is  reduced.  On  the 
other  hand,  most  of  the  improvements  that  have  been 
suggested  require  a  change  in  the  image  impedance 
at  each  point  where  a  voltage  is  inserted. 

In  the  present  method  the  signal  voltages  are  intro- 
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duced  through  a  parallel  connection.  It  is  also  pos¬ 
sible  to  insert  each  transducer  element  and  its  asso¬ 
ciated  networks  as  part  of  a  series  arm  of  the  lag  line. 
This  may  be  of  advantage  in  an  inductive  commuta¬ 
tor  design;  it  is  probable  that  the  losses  which  must 
be  accepted  to  obtain  satisfactory  combination  are 
equal  to  those  with  parallel  combination. 

95  ER  LEAD  LINE  DESIGN 

Section  9.3  discussed  the  theoretical  considerations 
involved  in  the  formation  of  a  pattern  with  a  lead 
line.  The  practical  details  of  incorporating  the  trans¬ 
ducer  element  as  part  of  the  lead  line  were  described 
in  Chapter  7. 

For  the  present  needs  it  is  sufficient  to  consider  the 
lead  line  of  Figure  61.  The  parallel  shunt  combina¬ 
tion  of  R  and  L  represents  the  transducer.  Crystal 
transducer  elements  can  be  made  to  act  as  inductive 
sources  by  connecting  them  to  transformers  whose 
shunt  inductance  has  larger  susceptance  than  does 
the  crystal  transducer  element. 

To  design  a  line,  such  as  that  in  Figure  61,  which 
gives  an  attenuation  per  section  of  a  nepers  (8.68  db 
=  1  neper),  and  a  phase  shift  per  section  /?  at  the 
angular  frequency  <o,  the  following  expression28  is 
used: 


^  _  R  sinh  a  sin  [3 

henries, 

«i(l  —  cosh  a  cos  [3) 

C  —  * 

farads. 

2<aR  sinh  a  sin  f3 

Design  curves  for  L  and  C  versus  the  attenuation  a 
in  decibels  are  given  for  /?  =  50,  55,  and  60  degrees  in 
Figure  62.  The  graph  cannot  readily  be  used  back¬ 
wards  to  get  a  and  /3  when  R,  L,  and  C  are  given.  In 
general  this  relation  is  complex;  however,  a  is  usually 
sufficiently  small  that,  without  too  great  error,  sinh  a 
can  be  replaced  by  a  and  cosh  a  by  1.  Then  /3  is  ap¬ 
proximately  independent  of  R  and 

sin  (/3/2)  =  l/2o>VLC 

a  =  wL/RV^LC  -  1. 

Contours  of  constant  a  and  (3  are  plotted  in  Figure  63. 
R  is  assumed  to  be  1,000  ohms  for  the  purpose  of  plot- 


c  c  e  c 


Figure  61.  Constant-A  lead  line  modified  by  shunt  dis¬ 
sipation. 

ting  a.  For  any  other  value  of  R,  the  value  of  a 
obtained  from  the  graph  should  be  multiplied  by 
1 ,000/7?.  This  graph  can  also  be  used  to  solve  the 
problem  of  Figure  62:  that  of  determining  the  appro¬ 
priate  L  and  C.  If  R  has  any  other  value  than  1,000 
ohms,  the  L  and  C  thus  obtained  should  be  multi¬ 
plied  and  divided,  respectively,  by  R/ 1,000. 

Since  the  output  voltage  is  obtained  by  connecting 
at  one  or  more  of  the  points  such  as  E  in  Figure  61, 


10  9  8  7  6  5  4  3  2db 


Figure  62.  Curves  for  determination  of  inductances  and 
capacitances  for  dissipative  lead  line. 
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I-'k.i  ri.  63.  Approximate  attenuation  and  phase  shift  per 
section  versus  capacitance  and  inductance  for  frequency 
of  31  kc  and  inductance  shunted  by  1,000-ohm  resistance. 

this  leads  to  the  question  of  the  mid-shunt  image  ad¬ 
mittance  of  one  of  the  sections.  This  admittance  is: 


yr 


G  ■  G 

2  tanh  a  ^2  tan  fi’ 


where  G  =  1  /R.  The  admittance  looking  into  any 
mid-shunt  point  of  the  properly  terminated  line  is 
twice  this  value. 


96  SWITCHING  PULSE  LINE  DESIGN 
9.6.1  Requirements  and  Uses 

In  the  ER  system  all  the  transducer  elements  are 
connected  into  a  lead  line,  and  at  each  element  a 
vacuum  tube  or  other  switching  device,  normally 
biased  beyond  cutoff,  is  connected.  By  means  of  a  dis¬ 
tortionless  line,  a  pulse,  commonly  called  the  “switch¬ 
ing”  pulse,  successively  changes  the  bias  on  one  or 
more  tubes.  Thus,  at  any  given  instant,  the  distribu¬ 
tion  of  voltage  along  the  lead  line  is  such  as  to  estab¬ 
lish  conduction  in  a  group  of  adjacent  tubes  whose 
combined  outputs  produce  the  desired  instantaneous 
directional  pattern.  Since  the  switching  line  is  com¬ 
posed  of  lumped  elements,  it  is  referred  to  as  an 
“artificial  line”  to  distinguish  it  from  a  line  with  con¬ 
tinuously  distributed  parameters. 

It  is  obvious  that  if  the  system  is  to  respond  uni¬ 
formly  to  signals  received  from  any  direction,  the 
switching  pulse  must  have  very  nearly  the  same  shape 
and  amplitude  at  the  end  of  the  switching  line  as  it 


had  at  the  beginning.  This  requires  that  the  phase 
shift  be  very  closely  proportional  to  frequency  up  to 
the  frequency  of  the  highest  harmonic  required  for 
satisfactory  transmission  of  the  pulse  form. 

9-6-2  Basic  Theory  of  Switching  Lines 

In  the  symmetric  it-  or  T-section  low-pass  constant- 
k  filter  there  arc  two  parameters,  an  inductance  and 
a  capacitance.  Usually  it  is  desired  to  specify  the 
image  impedance  at  zero  frequency  and  the  phase 
shift  at  the  frequency  of  operation.  These  two  speci¬ 
fications  completely  determine  the  circuit  elements 
and  there  is  no  parameter  left  by  means  of  which  the 
attenuation  or  phase  shift  properties  can  be  adjusted. 

A  new  parameter  may  be  introduced,  however,  by 
a  process  of  m-derivation  of  the  constant-/;  prototype. 
The  use  of  this  parameter  is  equivalent  to  introduc¬ 
ing  a  new  circuit  element,  and  with  it  changes  can  be 
made  in  the  frequency  behavior  of  the  phase  shift, 
the  attenuation,  or  the  image  impedance. 

In  the  construction  of  an  artificial  line  it  is  im¬ 
portant  that  the  phase  shift  be  a  linear  function  of 
the  frequency  over  a  large  fraction  of  the  pass  region. 
This  is  the  criterion  by  which  any  new  parameters  are 
to  be  adjusted.  If  the  phase  shift  curves  of  the  m- 
derived  sections  are  plotted  with  m  as  a  parameter, 
it  may  be  seen  that  when  m  is  approximately  equal  to 
1.4,  a  nearly  linear  phase  shift  curve  is  obtained.29 

The  simplest  way  to  realize  m -derived  filter  sec¬ 
tions  with  m  >  1  is  to  use  a  center-tapped  inductance 
with  a  coupling-coefficient  k  between  the  two  halves. 
This  is  represented  by  the  circuit  of  Figure  59  which 
is  a  mid-series  m-derived  low-pass  filter.  The  para¬ 
meter  m  is  replaced  by  a  new  parameter  k,  the  coup¬ 
ling  coefficient.  These  parameters  are  related  by 
m  =  V(1  +  /t)  /  (1  -  /;)  or  k  =  (m2  -  l)/(m2  +  1). 
The  value  of  m  =  1.4  corresponds  to  k  =  0.33. 

The  first  artificial  transmission  lines  built  at  HUSL 
were  designed  to  have  a  high  image  impedance.  On 
that  account  inductances  with  iron  cores  were  desir¬ 
able,  making  it  difficult  to  realize  a  coupling  coeffi¬ 
cient  as  small  as  0.33.  Furthermore,  since  a  large  num¬ 
ber  of  these  inductances  were  to  be  placed  in  a  small 
space  requiring  that  the  effect  of  stray  fields  be  mini¬ 
mized,  toroidal  coils  were  considered  desirable. 

It  was  found  experimentally  that  for  the  sizes  of 
inductance  used  in  these  lines  the  distributed  capaci¬ 
tance  was  not  negligible,  the  circuits  did  not  behave 
as  would  be  expected  on  the  basis  of  a  simple  m- 
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Figure  65.  Double-ir  filter  section. 


derived  section,  and  in  some  cases  the  effect  of  the 
distributed  capacitance  greatly  improved  the  phase 
shift  properties  of  the  network. 

These  experimental  observations  led  to  an  investi¬ 
gation  of  the  general  circuit  of  Figure  64.  In  this  cir¬ 
cuit  the  coupling  coefficient  k  is  not  considered  as  an 
adjustable  parameter  since  the  use  of  toroidal  coils 
imposes  an  essentially  fixed  value  of  k.  The  capaci¬ 
tance  C/2,  which  includes  the  distributed  capacitance, 
serves  as  a  new  parameter  to  adjust  the  phase  shift 
versus  frequency  characteristics. 

Later  in  the  development  of  the  technique  of 
switching  lines,  the  image  impedance  was  reduced  to 
the  order  of  50  ohms.  This  involved  the  use  of  small 
inductances  so  that  the  effects  of  distributed  capaci¬ 
tance  became  negligible. 

The  phase  shift  of  the  network  in  Figure  59,  with 
k  =  0.9,  could  be  made  nearly  linear  by  introducing 
additional  capacitance  in  parallel  with  the  induct¬ 
ance.  Further  study  suggests  the  possibility  of  using, 
instead,  the  symmetric  network  of  Figure  65.  It  may 
be  objected  that  the  circuit  of  Figure  65  requires 
three  capacitors  as  compared  to  the  two  required  by 
the  circuit  of  Figure  64,  but  this  objection  is  invali¬ 
dated  when  a  large  number  of  sections  are  to  be  con¬ 
nected  in  tandem  as  is  done  in  the  artificial  lines. 

In  the  circuits  of  Figures  64  and  65  there  are  three 
parameters,  the  inductance  and  two  capacitances. 
This  statement  is  based  on  the  assumption  that  the 
coupling  coefficient  k  is  not  adjustable.  The  three 
parameters  make  it  possible  to  specify  three  quan¬ 
tities  regarding  the  behavior  of  the  network.  Two 
parameters  are  used,  as  before,  in  specifying  the  phase 
shift  at  the  operating  frequency  and  the  image  impe¬ 
dance  at  zero  frequency.  The  third  parameter  is  avail¬ 
able  for  the  purpose  of  linearizing  the  phase  shift 
curve. 

In  order  to  have  a  quantitative  process  by  means  of 
which  the  third  parameter  can  be  selected,  it  was  de¬ 
cided  to  make  sure  that  the  line  which  is  tangent  to 


the  phase  shift  curve  at  the  origin  would  intersect  the 
phase  shift  curve  at  /?  =  90  degrees.  To  test  the  fair¬ 
ness  of  this  criterion,  it  has  been  applied  to  the  m- 
derived  section  of  Figure  59.  This  criterion  gives  a 
value  of  m  =  1.27.  Independent  computations28  show 
that  if  m  is  varied  in  steps  of  0.1,  then  1.3  gives  the 
best  linear  behavior  from  0  to  90  degrees  and  gives 
good  linear  behavior  from  0  to  145  degrees.  It  has 
been  shown  that  the  value  m  =  1.4,  which  was  quoted 
before,  gives  the  most  nearly  linear  phase  shift  over 
the  range  from  0  to  145  degrees.  This  criterion  is  now 
applied  to  the  circuits  of  Figures  64  and  65. 

9-6.3  Switching  Line  for  ER  Sonar 

The  circuit  of  Figure  64  may  be  analyzed  as  fol¬ 
lows:  Let  Z/  be  the  image  impedance,  ©  the  image 
transfer  constant,  and  li  the  coefficient  of  coupling  of 
the  inductance.  It  can  be  shown  that30 


where 

Wl2  =  2/LC, 
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of  circuit  in  Figure  64. 
and  JV  and  fi22  are  the  roots  of 

0) *  —  ft)2  ( u>2 2  +  <U,12)  +  0>i2u>2~  =  0. 


The  design  parameters  are  fixed  by  specifying  that 
the  slope  of  the  phase  shift  at  zero  frequency  is  the 
desired  slope  and  that  the  frequency  at  which  the 
phase  shift  is  90  degrees  falls  on  the  straight  line.  The 
slope  /jl  of  the  phase  shift  curve  at  a  frequency  of  zero 
cycles  per  second  is 


fi  (radians/cycle) 


47T(i>i2(i>2  /l  +  k  Air  ll  +  k 

n^n./yl i  -  k  ~  ua \i  -  k' 


This  determines  o>2  (given  k)  and  finally 

r,  _  m-  1 
L  4tt2  L ' 


Now  Q,,  the  angular  frequency  at  which  the  phase 
shift  is  90  degrees,  is  specified  in  the  problem  and  may 
be  treated  as  known.  The  value  of  wj2  can  be  deter¬ 
mined  by  the  equation 


It  can  be  shown  that30 

0  <  Oj  <  0)J  <  «)2  <  fl2> 


M)2  =  n,2 


and  so  if  0  =  «  +  jp  the  behavior  of  a  and  p  may  be 
sketched  as  in  Figure  66. 

The  design  procedure  is  as  follows:  A  lag  line  is  to 
be  constructed  with  a  phase  shift  that  has  a  specified 
slope  when  plotted  against  frequency  and  with  a 
specified  image  impedance  at  zero  frequency.  The 
inductive  elements  of  the  line  have  a  coupling  coeffi¬ 
cient  of  k. 


which  in  turn  determines  the  cutoff  frequency  and 
the  product  LC  in  accordance  with 


If  L  is  given,  C  is  thus  determined,  or  if  the  image 
impedance  at  zero  cycles  is  specified,  then  L  and  C 
can  be  found  with  the  aid  of  the  equation 


Figure  67.  Phase  shift  versus  frequency  on  linear  scale 
for  circuit  in  Figure  64. 


Figure  68.  Phase  shift  versus  frequency  on  logarithmic 
scale  for  circuit  in  Figure  64. 
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The  phase  shift  of  this  network  is  shown  in  Figure 
67  for  the  special  case  oik  =  0.9.  It  can  be  seen  that 
the  phase  shift  is  approximately  linear  for  phase  shift 
angles  up  to  120  degrees.  In  Figure  68  the  phase  shift 
is  shown  for  a  much  wider  range  of  frequencies  in 
order  that  the  attenuation  band  can  be  seen  in  its 
true  aspect. 

For  the  practical  design  of  these  filter  sections  it  is 
desirable  to  solve  the  equation  given  above  for  the 
dependent  variables  expressed  in  terms  of  the  inde¬ 
pendent  variables.31 

The  basic  independent  variables  are:  (1)  the  fre¬ 
quency  Fx  at  which  the  phase  shift  is  90  degrees  (or 
fix  =  2-n-Fj);  (2)  the  inductance  L  of  the  coil;  and  (3) 
the  coefficient  of  coupling  k  of  the  coil. 

The  dependent  variables  are:  (1)  flt  the  lower  limit 
of  the  stop  band,  that  is,  the  frequency  at  which  the 
phase  shift  first  becomes  180  degrees  (or  =  2-rrfj); 
(2)  the  frequency  /2  of  the  upper  limit  of  the  stop 
band  (or  <o2  =  2tr/2);  (3)  and  (4)  the  capacitances  C/2 
and  C';  and  (5)  the  image  impedance  Z!0  at  zero 
frequency. 

If  it  is  specified  that  the  slope  of  the  phase  shift 


curve  at  zero  frequency  is  that  of  a  straight  line 
through  the  90-degree  point, 


f V  <t>2  4  1  -f  h 

fl  flj  7 r  \  1  —  k 


(16) 


This  curve  is  plotted  in  Figure  69. 

By  virtue  of  equation  (16)  it  can  be  shown  that 


fx  1 25.87/s  +  6.13 

F1  Q1  \  16k  -  3.74 


This  curve  is  plotted  in  Figure  70. 

The  shunt  capacitance  C',  is  determined  by 

c'  =  _ L_  .  I 

16/q2  L 

This  equation  is  plotted  in  Figure  71  with  L  as  a 
parameter. 

After  the  lower  frequency  /j  of  the  stop  band  has 
been  determined  by  equation  (17),  the  bridging  ca¬ 
pacitance  C/2  can  be  determined  by 

C  l  1 

2  47T2/!2  '  L  ■ 

This  equation  has  been  plotted  in  Figure  72  with  L 
as  a  parameter. 

The  image  impedance  at  zero  frequency  ZI0  is 
given  by 

Z/0  =  4FtL. 


This  equation  is  plotted  in  Figure  73  with  L  as  a 
parameter. 
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Figure  69.  Dependence  of  upper  limit  of  stop  band  on 
k,  where  k  —  coefficient  of  coupling  of  coil. 


Figure  70.  Dependence  of  lower  limit  of  stop  band  on 
It,  where  k  =  coefficient  of  coupling  of  coil. 
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In  the  curves  for  which  L  is  a  parameter,  the  values 
of  L  were  chosen  to  conform  more  or  less  with  the  in¬ 
ductances  of  standard  toroidal  coils  supplied  by  the 
Western  Electric  Company  and  at  the  same  time  to 
give  a  uniform  spacing  of  the  curves.  The  values  of  L 
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F,  CYCLES  PER  SECOND 

Figure  7).  Curves  for  determination  of  C'  of  Figure  64. 


most  commonly  used  in  the  construction  of  the  arti¬ 
ficial  lines  arc  85,  130,  and  210  millihenries.  To  save 
the  trouble  of  interpolations,  Figures  74  and  75  give 
curves  for  the  determination  of  the  capacitances  C' 
and  (7/2  respectively  for  these  special  values  of  L. 

The  design  procedure  may  be  summarized  as 
follows: 

1.  F j  and  L  are  chosen  and  k  is  measured. 

2.  From  Figures  69  and  70  the  auxiliary  quantities 
/,  and  f.2  are  determined.  Actually  /2  has  no  further 
importance  except  to  show  the  upper  limit  of  the  stop 
band. 

3.  By  means  of  Figure  71,  C/  may  be  determined. 

4.  From  Figure  72  or  75,  C/2  may  be  determined. 

5.  From  Figure  73  the  image  impedance  at  zero 
frequency  is  determined. 

Exam  pie 

Suppose  that  a  section  is  to  be  designed  which  gives 
a  phase  lag  of  10  degrees  at  500  cycles  and  that  the 
available  inductance  is  0.080  henry  with  a  coupling 
coefficient  of  0.885.  If  the  phase  shift  were  linear,  the 
frequency  /q  at  which  the  phase  shift  is  90  degrees 
would  be  4,500  cycles.  From  Figure  69  it  is  seen  that 
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Figure  72.  Curves  for  determination  of  C/2  of  Figure  64. 
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500  1000  5,0 CO  10,000 

F,  CYCLES  PER  SECOND 

Z,0*  VALUE  OF  IMAGE  IMPEDANCE 
AT  ZERO  FREQUENCY 
Ft  *  FREQUENCY  AT  WHICH  PHASE 
SHIFT  IS  90° 

L  *  VALUE  OF  INDUCTANCE 

Figure  73.  Curves  for  determination  of  image  impedance 
of  Figure  64. 

for  k  =  0.885,  /2  /Ft  =  5.20.  Thus  the  upper  limit  of 
the  stop  band  is  23,400  cycles.  From  Figure  70,  fi/Fx 
—  1.663  and  the  lower  limit  of  the  stop  band  is  7,500 
cycles. 


In  Figure  71,  for  Fx  =  4,500  cycles,  an  interpola¬ 
tion  is  made  at  L  =  80  mh,  and  C  =  0.039  /if  is  found. 
On  Figure  72,  for  fx  =  7,500  cycles,  C/2  =  0.0056  /if. 
It  should  be  noted  that  for  inductances  whose  coup¬ 
ling  coefficients  are  near  0.9,  a  check  on  the  computa¬ 
tions  lies  in  the  fact  that  the  inductor  and  its  bridging 
capacitor  should  have  an  antiresonance  at  a  fre¬ 
quency  very  near  1.65 Fx.  From  Figure  73  the  image 
impedance  at  zero  cycles  is  seen  to  be  1,370  ohms. 

9-6-4  Switching  Line  Using  Double-Pi 
Filter  Sections 

Consider  the  network  of  Figure  65  and  let: 

k  =  coefficient  of  coupling 
L  =  total  inductance 
©  =  image  transfer  constant  of  network 
and  Zj  =  image  impedance. 


<0,000  1000  300 


F,  CYCLES  PER  SECOND 


Figure  74.  Curves  for  determination  of  C'  of  Figure  64 
at  common  values  of  L. 


Figure  75.  Curves  for  determination  of  C/2  of  Figure  64 
for  common  values  of  L. 
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where 

®i2  =  4/LCj 


I'K.em,  76.  Dependence  of  C,/C:  on  k  for  circuit  of  Fig¬ 
ure  65. 


and  fij2,  Q22  (Hj2  <  Q22)  are  the  roots  of 

j  <j)2  (o)!2  +  (i)o2  +  o>32)  +  £ o) ] 2 o)22  =  0 

treated  as  a  quadratic  in  <»2. 

As  in  the  preceding  case,  it  is  desirable  to  specify 
the  slope  of  the  phase  shift  curve  and  the  image  im¬ 
pedance  at  zero  frequency.  The  value  of  It  is  fixed  by 
the  kind  of  inductors  that  are  used. 

Let  /?'  =  slope  of  the  phase  shift  curve  in  radians 
per  cycle, 

Z/0  =  image  impedance  at  zero  frequency. 
Then 

L  =  /?'Z,0/2rr, 

also 

Cx  +  C2  =  /5'2/4rr  2L  =  P'/2ttZi0. 

One  more  relationship  is  necessary  in  order  to  solve 
for  Cx  and  C2  separately.  This  is  obtained  by  specify¬ 
ing  that  the  point  on  the  phase  shift  curve  at  which 
ft  =  n 1 2  should  fall  on  a  line  of  slope  //.  through  the 


origin.  This  condition  yields  the  following  quadratic 
equation  in  Cj/C2: 

(&)’<'  -“>  +  <&)  • 

[’  -i  +  rril<1  ‘!]  +  1_tti  _0 

where  A  is  used  to  denote  (7r/4)2.  Since  the  coefficients 
are  functions  of  It  only,  and  since  only  positive  values 
of  (Cj/C2)  are  of  interest,  ( C1/C2 )  can  be  plotted  as  a 
function  of  k  as  in  Figure  76. 

This  network  has  two  pass  bands  and  two  elimina¬ 
tion  bands.  The  dependence  of  phase  shift,  attenua¬ 
tion,  and  image  impedance  on  frequency  are  shown 
in  Figure  77. 

For  a  given  value  of  k,  the  phase  shift  curve  may  be 
plotted  as  a  function  of  f/fc  where  fc  is  the  first  cutoff 
frequency  or  o>, / 2 tt.  It  may  be  seen  from  Figure  78,  in 
which  the  phase  shift  is  plotted  on  a  linear  scale,  that 
the  phase  shift  is  linear  up  to  90  degrees.  The  pres¬ 
ence  of  dissipation  tends  to  reduce  the  phase  shift 
near  the  cutoff  frequency',  and  the  range  of  linear 
phase  shift  may  consequently  be  even  larger.  In  Fig¬ 
ure  79  the  phase  shift  for  k  =  0.9  is  plotted  for  a  large 
range  in  order  to  show  the  relative  positions  of  the 
pass  bands. 

If  It  =  0.9,  then 

R  =  1.621,  jZ.  =  8.95  ,|2-  =  11.40, 

*'i  ''  i  r  i 

where  /q  is  the  frequency  at  which  the  phase  shift 
is  90  degrees.  In  one  application  frequently  used, 
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Figure  77.  Dependence  of  phase  shift,  attenuation,  and 
image  impedance  on  frequency  for  circuit  of  Figure  65. 


Fi  =  4  kc.  In  this  case  /j  =  6.5  kc,  f3  =  36  kc,  and 
/3  =  45.6  kc.  If  the  echo-ranging  frequency  is  under 
36  kc,  it  falls  in  one  of  the  elimination  bands.  If  a  fre¬ 
quency  between  36  and  46  kc  is  used,  trouble  may  re¬ 
sult  from  cross-talk  arising  from  free  transmission  at 
signal  frequency  along  the  switching  line.  The  quan¬ 
tities  f2  and  fa  are  each  proportional  to  (I  -  k)~v%  so 
that  they  may  be  increased  by  increasing  k. 

If  the  network  of  Figure  65  is  to  be  treated  as  a  fil¬ 
ter,  the  cutoff  frequency  fc  is  specified  instead  of  the 


Figure  /8.  Phase  shift  versus  frequency  on  linear  scale 
of  circuit  of  Figure  65. 


slope  of  the  phase  shift  curve.  In  this  case,  the  cutoff 
frequency  is  determined  by 

LCj  = 


2f  2  * 


Since  Cj/C2  is  known, 


Hence 


LC, 


2  4 

(O4  = 


^2/, 


Co  1 


Cl 


4  TT-fc 


£(Ci  +  c2)  1  +  c2/c/ 


and  finally 


l  =  ^  =  %V7T  c2/Cj 


and 


Ci  =  1/7t2/c2T. 

Co  may  be  found  since  C1/C2  is  known. 


9.6.5  Further  Examples  of  Switching  Lines 

Several  other  networks  have  been  studied  but  none 
of  them  has  been  used.  These  circuits  are  listed  and  a 
phase  shift  curve  is  presented  for  each. 

Figure  80  is  an  all-pass  constant-resistance  net¬ 
work.30 

figure  81  is  basically  an  m -derived  section  with 
m  ~  in  tandem  with  its  constant-^  prototype.32 

Figure  82  is  basically  two  m-derived  sections  in  tan- 
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Figure  80.  Constant-resistance  filter  section  and  its  phase- 
shift  behavior  with  respect  to  frequency. 

dem,  with  m  =  1.6  and  m  -  0.6  respectively.  The 
image  impedance  is  fairly  constant  over  most  of  the 
pass  band.32 


9-6-6  Power  Storage  Lines 

Artificial  lines,  in  addition  to  their  use  as  delay  net¬ 
works  and  switching  lines,  can  be  employed  for  power 
storage  in  transmitter  power  supply  circuits.  Here  the 
aim  is  to  deliver  a  large  amount  of  power  to  the  trans¬ 
mitter  for  the  short  time  in  which  the  pulse  is  emitted. 
It  is  desirable  that  the  power  be  constant  during  the 
length  of  the  pulse,  except  for  such  pulse  shaping  as 
may  be  applied  to  reduce  shock  excitation  of  nearby 
(enemy)  tuned  circuits.  For  this  purpose,  the  line  may 
be  composed  of  constant-/!  low-pass  filter  sections 
(Figure  56),  of  wi-dcrivcd  sections  (Figure  59)  or  of 
any  of  the  more  involved  sections  described  above 
(Figures  64,  65,  80,  81,  82). 

The  theory  is  first  developed  in  terms  of  an  ideal22 
distortionless  continuous  lag  line.  If  such  a  line  is 
open-circuited  at  each  end  and  is  charged  to  a  poten¬ 
tial  2V,  the  total  energy  (£)  stored  is  given  by 


shows  how  the  line  behaves.  If  a  load  impedance  7It, 
equal  to  the  image  impedance  of  the  line,  is  suddenly 
connected  to  the  right  end,  the  voltage  at  this  end 
falls  to  V.  This  is  equivalent  to  applying  a  sudden  d-c 
voltage  of  —  V  at  the  right  end  of  the  line  (B).  Since 
the  line  is  ideal,  this  d-c  pulse  travels  down  the  line  to 
the  open-circuited  left  end  where  it  is  reflected  with¬ 
out  change  of  sign  (G,  D).  The  pulse,  —V,  then  re¬ 
turns  to  the  right  end  (E).  The  voltage  across  the  load 
impedances  ZR  remains  at  V  until  the  reflected  pulse 
returns;  the  voltage  across  ZR  then  drops  to  zero. 

Thus  if  the  line  is  initially  charged  to  a  potential 
2 V,  it  delivers  a  voltage  V  for  the  length  of  time  re¬ 
quired  for  a  pulse  to  travel  twice  the  length  of  the 
line.  The  advantages  of  the  system  arc  twofold:  (1) 
the  delivered  voltage  is  constant  during  the  pulse; 
(2)  all  of  the  energy  stored  in  the  line  is  delivered  dur¬ 
ing  the  pulse. 

If  the  continuous  line  is  replaced  by  one  composed 
of  a  finite  number  of  sections,  the  ideal  behavior  de¬ 
scribed  above  is  approximated  if  the  number  of  sec¬ 
tions  is  sufficiently  large.  With  a  finite  number  of 
sections  there  is  a  cutoff  frequency;  as  a  result,  only  a 
finite  frequency  spectrum  can  be  transmitted,  and  the 
ideal  square  pulse  shown  in  Figure  83  is  distorted.  If 
sections  are  used  which  give  zero  attenuation  and 
linear  phase  shift  over  the  pass  band,  the  theory  of 
the  response  of  an  ideal  low-pass  filter  is  applicable.34 
Thus,  if  a  constant  voltage  is  suddenly  applied  to  the 
input  of  an  ideal  low-pass  filter,  the  delay  time  td  in 
the  arrival  of  the  first  portion  of  the  pulse  at  the  out¬ 
put  is 


E  =  2  V-C 

where  C  is  the  total  shunt  capacitance. 

The  series  of  voltage  distributions  in  Figure  83 


Figure  81.  Complex  filter  section  and  its  phase  shift  be¬ 
havior  with  respect  to  frequency,  m  =  1.5  (constant  * 
prototype  with  m -derived  section). 


where  /x  =  slope  of  total  phase  shift  curve  in  radians 
per  cycle.  The  build-up  time  t„  is  given  by 

1 


Figure  82.  Second  complex  filter  section  and  its  phase 
shift  behavior  with  respect  to  frequency  (two  m-dcrived 
sections  with  m  =  1.0  and  m  —  0.6). 
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where  fc  =  cutoff  frequency  of  the  filter.  These  quan¬ 
tities  are  indicated  in  Figure  84,  and  the  resultant 
output  pulse  shape  for  a  storage  line  of  ideal  low-pass 


Voltage  before  load 
is  connected 


filter  sections  is  shown  in  Figure  85.  The  higher  the 
cutoff  frequency,  th'e  less  the  build-up  time  ra  which 
is  involved  in  considerations  of  pulse  distortion.  Since 
raising  the  cutoff  frequency  means  increasing  the 
number  of  sections  for  a  given  total  time  delay,  a  com¬ 
promise  has  to  be  made  between  reduction  of  pulse 
distortion  and  reduction  in  numbers  of  components. 

In  designing  a  line  consideration  must  be  given  to 
the  power  W,  the  voltage  F,  the  load  resistance  R, 
and  the  pulse  length  r.  These  quantities  are  not  en¬ 
tirely  independent,  since  there  exists  the  relationship 


B  Voltage  shortly  after  the 
load  is  connected 


0  C  Voltage  shortly  before  the  l 
pulse  has  travelled  the 
length  of  the  line 


Voltage  after  the 
ref  lection. of  the  pulse 


F2 

w  =  ~W’ 


If  each  of  the  n  sections  has  a  total  shunt  capaci¬ 
tance  C0  and  if  the  desired  output  voltage  is  F,  the 
line  must  be  charged  to  a  potential  2F,  and  the  stored 
energy  E  is 

E  =  2V2nC0. 

If  all  of  this  energy  is  to  be  delivered  at  the  rate  of  W 
watts  during  t  seconds, 

E  =  Wt  =  2F2nC0 


nC  o  — 


before  the  end  of  the  pulse 


Figure  83.  Distribution  of  voltage  along  charged  lag 
line  of  length  l  at  successive  intervals  after  suitable  load 
is  connected  at  one  end. 


This  determines  the  total  capacitance  of  the  line  if 
the  voltage  is  fixed. 

The  pulse  length  r  is  equal  to  the  time  lag  td  for  a 
pulse  to  travel  twice  the  length  of  the  line,  aiid  from 
equation  (18) 

nm0 

~  7  ~  - - 

7T 


Figure  84.  Shape  of  Heaviside  unit  step  function  before 
and  after  passing  through  ideal  low-pass  filter. 


Figure  85.  Shape  of  voltage  developed  across  load  resis¬ 
tance  connected  to  ideal  low-pass  transmission  line. 
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or 


7TT 

*>  =  -, 

where  is  the  slope  of  the  phase  shift  curve  of  one 
section  in  radians  per  cycle.  It  is  recognized  front  this 
expression  that  the  electrical  length  of  the  line  is  180 
degrees  for  a  frequency  of  1  /r,  and  that  at  this  fre¬ 
quency  the  phase  shift  of  a  single  section  is  180  de¬ 
grees/;!.  The  number  of  sections  n,  as  already  im¬ 
plied,  is  preferably  small  in  order  to  keep  the  number 
of  components  to  a  minimum.  The  lower  limit  can  be 
determined  by  considering  that  the  filter  is  ideal.  If 
the  phase  shift  at  the  cutoff  frequency  /,.  for  one  sec¬ 
tion  is  7 r  radians,  as  is  usually  the  case,  the  build-up 
time  t„  is  given  by 


Thus  two  sections  give  a  build-up  time  of  one-quarter 
of  the  duration  of  the  pulse.  This  may  be  acceptable 


when  some  rounding  of  the  corners  is  desired.  Actu¬ 
ally,  since  the  line  is  composed  of  lumped  elements, 
the  terminating  elements  appreciably  affect  the  shape 
of  the  pulse.  If  the  network  ends  in  a  shunt  capaci¬ 
tance,  the  initial  discharge  current  is  very  large  and 
a  sharp  voltage  peak  occurs  at  the  beginning  of  the 
pulse.  On  the  other  hand,  if  the  network  ends  in  a 
series  inductance,  there  is  less  tendency  for  the  forma¬ 
tion  of  this  sharp  voltage  peak.  It  may  be  possible  to 
adjust  the  amount  of  the  terminating  series  induct¬ 
ance  so  that  a  minimum  surge  of  voltage  is  produced 
at  the  beginning  of  the  pulse,  but  this  has  not  been 
investigated. 

The  theory  derived  above  is  limited  in  its  applica¬ 
tion.  If  a  line  of  only  a  few  sections  is  suddenly  dis¬ 
charged,  the  behavior  is  very  complicated  and  may  be 
determined  only  by  a  rigorous  analysis  of  the  Kirch- 
hoff  equations.  The  theory  should,  therefore,  be  con¬ 
sidered  only  as  a  basic  guide  and  final  design  adjust¬ 
ments  should  be  made  experimentally. 
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SUMMARY  DISCUSSION  OF  SCANNING  SONAR  PROBLEMS 
AND  PROPOSALS  FOR  FUTURE  WORK 


10.1  SCANNING  SYSTEM  PROBLEMS: 

FUTURE  WORK 

10.1.1  Transducer  Improvements 

Experience  in  the  development  of  transducers  up 
to  the  time  of  the  writing  of  this  book  has  indi¬ 
cated  a  number  of  ways  in  which  these  particular 
components  of  scanning  sonar  gear  may  be  improved. 
The  present  section  deals  with  various  aspects  of  this 
problem. 

Reliability 

Watertightness.  The  complexity  of  scanning  sonar 
transducers  makes  watertight  construction  difficult, 
but  it  is  extremely  important  that  the  device  should 
be  able  to  operate  in  water  without  leaking  for  as 
long  a  period  as  several  years  at  a  time. 

Steps  toward  improving  the  watertightness  of 
transducers  should  consist  chiefly  in  simplifying  pres¬ 
ent  designs,  developing  better  materials,  and  making 
more  convenient  cable  seals.  For  example,  techniques 
should  be  developed  whereby  Navy  M  bronze  and 
stainless  steel  castings  can  be  cast  in  such  a  way  as  to 
be  guaranteed  absolutely  nonporous.  Some  study 
should  be  devoted  to  forged  and  welded  stainless 
steel  construction  which  is  inherently  nonporous  but 
needs  to  be  made  rustproof. 

If,  in  the  light  of  further  experience,  it  should  ap¬ 
pear  desirable  to  construct  transducers  with  separate¬ 
ly  housed,  removable  elements,  the  problem  of  mak¬ 
ing  the  individual  elements  watertight  and  durable 
must  be  solved. 

Although  most  of  the  important  design  factors  of 
cable  seals  for  use  at  low  water  pressures  are  known 
at  the  present  time,  they  are  not  applied  as  well  as 
they  should  be.  Cable  seals  should  be  developed 
which  are  reliable  up  to  water  pressures  as  high  as 
1,000  psi,  since  at  such  pressures,  cables  (especially 
the  larger  ones)  tend  to  slip  or  extrude  through  ordi¬ 
nary  low-pressure  cable  seals. 

The  most  satisfactory  water  seals  are  of  the  tongue- 
and-groove  type  in  which  the  primary  flange  faces 
are  drawn  up  tight.  In  this  condition  the  volume  of 


gasket  rubber  in  the  groove  should  be  10  to  15  per 
cent  greater  than  the  space  between  the  tongue  and 
groove.  The  tongue  is  made  to  fit  the  groove  loosely 
on  the  outside  diameter  so  that  the  excess  10  to  15  per 
cent  of  gasket  rubber  can  creep  past  the  outer  edge 
of  the  tongue. 

Another  type  of  seal  which  has  been  successful  is 
one  using  a  rather  close-fitting  tongue  and  groove 
with  a  corprene  gasket.  The  corprene  gasket  is  made 
with  dimensions  giving  it  a  volume  about  10  per  cent 
greater  than  the  closed  volume  of  the  tongue  and 
groove.  The  compressibility  and  resilience  of  the 
cork  particles  in  the  corprene  allow  the  gasket  to 
compress,  yet  keep  the  seal  tight  regardless  of  tem¬ 
perature  changes  and  aging. 

Corrosion  and  Deterioration  of  External  Parts; 
New  Materials.  Sea  water  corrodes  most  metals  rap¬ 
idly  unless  the  surfaces  are  covered  by  protective  coat¬ 
ings.  Corrosion  is  increased  by  electrolytic  action  if 
the  transducer  and  some  dissimilar  metal  are  elec¬ 
trically  connected  and  both  exposed  to  sea  water. 
Consequently,  further  development  of  satisfactory 
metals,  protective  coatings,  and  methods  of  reducing 
electrolytic  action  is  desirable. 

Most  transducers  have  rubber  parts  that  are  ex¬ 
posed  to  such  agents  as  the  sea  water,  mineral  oil, 
and  grease.  This  rubber  is  also  subjected  to  the  action 
of  sunlight  and  air  if  the  transducer  is  mounted  on 
the  topside  of  a  submarine.  The  rubber  used  under 
such  conditions  should  be  highly  resistant  to  deterio¬ 
ration  by  the  agents  mentioned,  and  in  addition 
should  be  acoustically  transparent  and  mechanically 
strong  and  tough.  The  pc  rubber  developed  for  the 
Navy  by  the  Goodrich  Tire  and  Rubber  Company 
of  Akron,  Ohio,  possesses  most  of  the  characteristics 
mentioned;  it  has  low  mechanical  strength,  however, 
and  poor  resistance  to  the  action  of  sunlight.  Further 
development  work  on  rubber  for  use  on  transducers 
in  sea  water  is  therefore  suggested. 

There  are  many  transducer  arrangements  in  which 
troublesome  reflections  of  sound  are  produced  by  sur¬ 
faces  in  the  vicinity  of  the  transducer.  An  example  of 
this  is  the  combined  arrangement  in  which  the  depth¬ 
scanning  unit  is  mounted  beneath  the  horizontal- 
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I'Kii  RK  1.  General  design  of  clement  support  and  hous¬ 
ing  used  in  the  Sangamo  HP-5  scanning  sonar  trans¬ 
ducer. 


scanning  unit.  In  this  case  the  reflections  of  sound 
from  the  bottom  plate  of  the  upper  transducer  cause 
appreciable  interference  with  the  patterns  and  re¬ 
sponse  of  the  lower  transducer.  If  a  rubber  or  rubber¬ 
like  material  can  be  developed  which  has  a  specific 
acoustic  impedance  very  near  that  of  water,  and  a 
very  high  coefficient  of  attenuation,  it  can  be  used  to 
cover  surfaces  that  give  troublesome  reflections.  Such 
a  material  might  also  be  used  to  cover  the  sides  of 
submarines  to  render  them  incapable  of  reflecting 
sound  pulses,  in  which  case  underwater  sound  echo- 
ranging  systems  would  lose  their  usefulness.  A  ma¬ 
terial  of  this  kind  would  be  valuable  in  so  many  ap¬ 
plications  that  its  development  would  justify  a  great 
deal  of  time  and  expense.  This  problem  could  be  at¬ 
tacked  best  by  the  combined  efforts  of  a  good  rubber 
research  laboratory  and  an  underwater  acoustics  lab¬ 
oratory.  Butyl  rubber  is  the  best  material  of  this  type 
now  known. 

There  is  also  great  need  for  a  method  of  securing  a 
strong,  durable,  and  reliable  bond  between  rubber 
of  the  acoustically  transparent  type  and  metals  such 
as  Navy  M  bronze  and  stainless  steel.  If  such  a  bond 
were  possible,  the  rubber  face  of  the  transducer  could 
be  bonded  directly  to  the  metal  case  and  the  use  of 
clamping  bands  and  bars  of  various  kinds  would  be 
unnecessary  when  permanent  water  seals  are  needed. 

Strength  Against  Pressure  and  Impacts.  Several 
scanning  sonar  transducers  have  been  constructed 
which  withstand  static  pressures  up  to  200  to  300  psi. 


and  a  few  have  been  made  which  should  operate  suc¬ 
cessfully  above  500  psi,  although  none  has  actually 
been  tried  at  such  a  pressure.  It  is  relatively  easy  to 
make  the  metal  frames  of  the  transducers  strong 
enough  to  withstand  any  reasonable  static  or  dynamic 
hydraulic  pressures,  but  to  construct  the  vibrating 
elements  so  that  they  are  not  deformed  or  rendered 
inoperative  by  such  pressures  is  a  much  greater  prob¬ 
lem. 

Consider,  for  example,  the  transducer  elements 
and  mounting  shown  in  Figure  1.  In  this  case  the  in¬ 
ward  force  due  to  external  water  pressure  is  transmit¬ 
ted  through  the  rubber  boot  and  rubber  faces, 
through  the  laminated  nickel  stacks,  and  through  the 
corprcne  pressure  release  backing  pads  to  the  core  of 
the  spool.  The  laminated  stacks  are  capable  of  sup¬ 
porting  a  load  of  at  least  3,000  psi  and,  consequently, 
do  not  limit  the  compressive  strength  of  the  trans¬ 
ducer.  The  rubber  faces  withstand  pressures  of  at 
least  1,000  psi  if  they  arc  completely  confined,  but  in 
this  case  there  are  small  gaps  between  the  stack  faces 
into  which  the  rubber  can  flow  and  this  flow  becomes 
serious  at  pressures  above  350  psi.  If  the  rubber  is 
soft,  very  little  improvement  is  made  by  increasing 
the  thickness  of  the  rubber  boot  so  that  it  is  neces¬ 
sary  to  use  rubber  having  a  greater  Young’s  modulus 
and  to  reduce  the  gaps  between  neighboring  stacks. 
The  only  supporting  area  at  the  bottom  of  the  lami¬ 
nated  stacks  is  the  area  of  the  two  tail  sections  be¬ 
cause  the  magnets  are  loose  in  the  magnet  slots.  Since 
this  area  is  only  about  0.4  that  of  the  face,  the  pres¬ 
sure  on  the  corprcne  pads  is  about  2.5  times  the  ex¬ 
ternal  hydraulic  pressure,  causing  the  corprcne  to 
squeeze  up  into  the  magnet  slots  and  into  the  small 
gaps  between  neighboring  stacks.  This  effect  could  be 
minimized  by  placing  thin  strips  of  a  strong  material, 
such  as  impregnated  laminated  glass  fiber  board,  be¬ 
tween  the  bases  of  the  stacks  and  the  corprcne  pad. 
These  strips  could  be  about  1/16  inch  thick  and  the 
thickness  of  the  corprcne  could  be  reduced  to  about 
i/8  inch  without  reducing  perceptibly  the  pressure  re¬ 
lease  effect.  The  thinner  layer  of  corprcne  would  have 
less  tendency  to  flow  under  the  pressure  of  the  stack, 
and  the  fiber  board  strip  woidd  help  to  bridge  the 
gaps  over  the  magnet. 

A  typical  method  of  constructing  scanning  sonar 
transducers  in  which  the  elements  are  made  of  piezo¬ 
electric  crystals  is  illustrated  in  Figure  2.  The  crystals 
are  arranged  in  stacks  supported  on  pieces  of  molded 
corprcne  which  have  an  L-shapcd  cross  section.  The 
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Figure  2-  General  design  of  element  support  and  hous¬ 
ing  used  in  the  Brush  AX  crystal  scanning  sonar  trans¬ 
ducer. 


element  space  between  the  rubber  boot  and  the  core 
of  the  spool  is  vacuum-filled  with  castor  oil.  During 
the  filling  process,  after  the  empty  spaces  are  filled 
with  castor  oil,  more  oil  is  forced  in  under  pressure 
so  that  the  rubber  boot  bulges  to  some  extent.  When 
such  a  transducer  is  subjected  to  external  hydraulic 
pressure,  the  oil  in  the  element  chamber  must  auto¬ 
matically  come  to  the  same  static  pressure.  Owing  to 
the  fact  that  the  cork  particles  in  the  corprene  are 
compressible,  the  corprene  changes  its  dimensions 
when  the  pressure  is  applied,  while  the  crystals 
change  very  little.  Consequently,  there  is  some  rela¬ 
tive  motion  between  the  crystals  and  the  corprene. 
If  this  relative  motion  is  too  great,  the  metal  foil 
leads  that  connect  to  the  terminal  conductor  strips 
are  moved  or  torn.  The  motion  may  also  tear  loose 
the  cemented  joint  between  the  crystals  and  the 
corprene  and  allow  the  crystals  to  become  loose. 
These  effects  would  be  most  pronounced  at  the  top 
and  bottom  ends  of  the  elements  because  of  their 
relatively  great  lengths.  There  is  also  some  possibility 
of  damage  to  the  assemblies  of  crystal  elements  due 
to  pressure  gradients  set  up  in  the  oil  of  the  element 
chamber  by  impulsive  pressures  caused  by  under¬ 
water  explosions.  In  addition,  the  crystals  could  be 
damaged  if  the  transducer  were  accidentally  dropped 
on  its  side  against  some  relatively  sharp  object  or 
struck  by  such  an  object.  Some  thought  should  be 
given,  therefore,  to  the  problem  of  making  crystal 
transducers  capable  of  withstanding  greater  static 
pressures,  greater  impulsive  pressure  gradients,  and 
greater  impacts. 

Electrical  Insulation.  In  magnetostriction  trans¬ 


ducers  the  windings  are  usually  designed  to  operate 
at  relatively  low  impedance,  so  that  the  voltages  used 
in  high-power  transmitting  are  generally  not  greater 
than  500  volts.  However,  because  of  the  large  number 
of  elements  and  their  intricacy,  it  is  necessary  to  de¬ 
sign  the  electric  insulation  of  the  windings,  lead 
wires,  terminal  strips,  etc.,  with  considerable  care. 
Places  where  improvement  in  this  respect  would  be 
possible  in  the  units  already  constructed  include  the 
insulation  between  the  windings  and  the  sharp  cor¬ 
ners  of  the  laminated  magnetostrictive  stacks,  the  in¬ 
sulation  and  protection  of  the  lead  wires  which  run 
from  the  windings  through  the  supporting  flange  to 
the  terminal  box,  and  the  insulation  in  the  terminal 
box  itself. 

In  crystal  transducers  the  impedances  are  high,  and 
the  terminal  voltages  conesquently  rise  to  thousands 
of  volts  during  high-power  driving.  Since  such  volt¬ 
ages  are  too  great  for  use  in  practical  cables  contain¬ 
ing  50  or  more  twisted  pairs  of  conductors,  it  has  gen¬ 
erally  been  the  practice  to  install  a  transformer  in 
the  terminal  box  of  the  transducer  for  each  element 
so  that  low  impedance  and  voltage  is  retained  in  the 
cable.  This  means  that  the  terminal  box  of  a  48-ele¬ 
ment  transducer  must  contain  48  transformers,  each 
with  a  high-voltage  winding  connected  to  the  proper 
crystal  element  terminals.  Considerable  improvement 
can  be  made  in  this  connection  with  respect  to  pres¬ 
ent  mechanical  design  and  electrical  insulation. 

Serviceability.  Scanning  sonar  transducers  are  so 
intricate  and  complicated  that  any  internal  repairs 
should  be  done  by  an  expert  in  a  place  where  the  nec¬ 
essary  tools  and  testing  facilities  are  available.  Two 
approaches  are  therefore  suggested  to  improve  the 
serviceability  of  such  transducers.  First,  consideration 
should  be  given  to  increasing  the  ease  of  mounting  or 
dismounting  the  transducer  and  its  cable  on  a  ship, 
with  or  without  a  sea  chest.  Second,  a  study  should  be 
made  of  the  techniques  of  repairing  and  making 
changes  in  the  interior  parts  of  the  transducer  after 
it  is  brought  to  a  servicing  shop. 

The  cable  gland  should  be  so  designed  that  it 
comes  apart  easily  when  the  transducer  is  dismount¬ 
ed.  One  of  the  most  common  difficulties  in  this  con¬ 
nection  is  binding'the  gasket  or  gasket  washers  to  the 
side  wall  of  the  barrel.  To  illustrate  this  point,  two 
seals  are  shown  in  Figure  3A  and  B  which  are 
equally  good  in  sealing  quality  but  differ  consider¬ 
ably  in  ease  of  disassembly.  In  the  A  type,  bushing 
No.  2  can  be  readily  removed  after  the  nut  is  removed 
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BUSHING  NO. 

BARREL- 


CABLE 


GASKET- 


NUT 


BUSHING  NO. 2 


GRIPPING  HOLES  IN 
BUSHING  NO. 2  TO 
FACILITATE  ITS  REMOVAL 


A.  TYPE  WHICH  IS  EASILY  TAKEN  APART 


B.  TYPE  WHICH  IS  VERY  DIFFICULT  TO  TAKE  APART 

Fici  rk  3.  Two  cable  seals  for  scanning  sonar  transducers 
which  have  equally  good  scaling  qualities  but  widely  dif¬ 
ferent  disassembly  characteristics. 

and  the  remainder  of  the  seal  comes  out  easily  with  a 
pull  on  the  cable.  In  the  B  type,  however,  it  is  very 
difficult  to  remove  the  gasket  washer  and  gasket  be¬ 
cause  they  tend  to  jam  in  the  threads  of  the  barrel. 

It  is  also  desirable  to  have  the  terminal  box  readily 
accessible  while  the  transducer  is  attached  to  the 
mounting  shaft.  The  favored  design  is  to  have  the 
bottom  cap  of  the  transducer  serve  as  the  bottom  wall 
of  the  terminal  box. 

It  is  desirable  to  make  the  elements  so  that  they  can 
be  removed  and  replaced  as  mechanical  units  for  re¬ 
pair  in  a  servicing  shop.  The  maximum  to  be  desired 
in  this  respect  would  be  to  have  separate  interchange¬ 
able  watertight  elements  with  terminals  that  could 
be  readily  passed  into  the  terminal  box  through  con¬ 
venient  water  seals.  If  the  elements  were  to  be  housed 
in  a  single  rubber  boot,  as  they  are  in  nearly  all  of 
the  present  transducers,  then  it  would  still  be  desir¬ 
able  to  make  them  removable  and  replaceable  as  in¬ 
dependent  mechanical  units.  The  interchangeability 


of  elements  of  a  given  type  of  transducer  would  be 
very  convenient.  Such  interchangeability,  however, 
would  have  to  be  based  even  more  on  uniformity  of 
frequency  and  impedance  than  on  uniformity  of 
mechanical  dimensions. 

Stability  of  Permanent  Magnets.  It  is  assumed  that 
no  future  models  of  magnetostriction  scanning  sonar 
transducers  will  be  polarized  by  the  use  of  direct  cur¬ 
rent  in  the  windings.  While  the  present  models  em¬ 
ploying  permanent  magnet  polarization  are  satisfac¬ 
tory  up  to  fairly  high-power  levels  (5  x  10°  dynes  per 
sq  cm  sound  pressure  at  the  active  faces)  it  is  desired 
to  operate  underwater  sound  gear  at  still  higher  lev¬ 
els.  There  are  three  ways  of  increasing  the  power  out¬ 
put  of  magnetostriction  transducers  for  ultra-high- 
power  use.  First,  with  no  auxiliary  polarization  at 
all,  it  is  possible  to  drive  the  elements  with  a  current 
whose  frequency  is  half  that  of  resonance  of  the 
stacks.  While  this  solution  is  a  very  practical  one  for 
transmitting  at  very  high-power  levels,  it  complicates 
the  process  of  receiving.  Second,  magnets  might  be 
found  that  arc  more  difficult  to  depolarize  than  those 
now  in  use.  Such  magnets  would  have  greater  coercive 
force  than  those  now  employed,  or  would  have  great¬ 
er  dimensions  in  the  direction  of  magnetization.  This 
method  would  require  redesign  of  the  present  lami¬ 
nations  and  would  in  general  result  in  lower  electro¬ 
mechanical  coupling  coefficients.  Higher  mechanical 
(Ts  would  have  to  be  used  to  get  the  same  efficiency, 
unless  the  core  losses  were  reduced  by  using  thinner 
laminations.  Third,  the  laminations  could  be  re¬ 
shaped  to  give  much  higher  ()  and  the  use  of  thinner 
laminations  would  reduce  core  losses.  Both  of  these 
modifications  would  increase  the  efficiency.  Ulti¬ 
mately,  however,  the  acoustic  power  that  can  be  ob¬ 
tained  from  a  magnetostriction  transducer  is  limited 
by  magnetic  saturation  and  magnetic  hysteresis  losses 
in  the  magnetostrictive  material. 

Stability  of  Impedance  and  Efficiency.  The  effi¬ 
cient  and  satisfactory  operation  of  a  sonar  system  de¬ 
pends  to  a  considerable  extent  upon  proper  imped¬ 
ance  matching  between  the  transducer  and  the  asso¬ 
ciated  electronic  circuits.  To  maintain  good  imped¬ 
ance  matching,  it  is  usually  necessary  to  maintain  the 
impedances  of  circuits  and  of  the  transducer  at  stable 
values  regardless  of  temperature,  change  in  fre¬ 
quency,  or  aging. 

In  X-cut  Rochelle  salt  crystals  there  is  notably  poor 
stability  of  impedance  with  temperature  variation. 
Y-cut  Rochelle  salt,  and  more  particularly  ammo- 
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nium  dihydrogen  phosphate  [ADP]  crystals,  are  con¬ 
siderably  better  in  this  respect  and  for  this  reason,  in 
spite  of  the  fact  that  their  electromechanical  coupling 
coefficient  is  only  about  half  as  great,  are  being  used 
increasingly  in  place  of  X-cut  Rochelle  salt  crystals. 
Of  these  two  crystal  materials,  ADP  is  preferred  be¬ 
cause  it  does  not  dehydrate  at  temperatures  below 
300  F,  whereas,  Rochelle  salt  begins  to  dehydrate  at 
about  110  F.  The  impedance  of  magnetostriction 
transducers  changes  very  little  with  temperature. 

Variation  of  impedance  with  frequency  is  most 
pronounced  in  transducers  which  have  high  effi¬ 
ciency  and  are  sharply  resonant.  Thus,  a  change  in 
the  operating  frequency  of  such  a  transducer  intro¬ 
duces  mismatch  of  impedances  and  consequent  loss 
in  overall  efficiency.  As  a  result,  in  practical  systems 
it  is  often  desirable  to  use  a  transducer  with  a  rela¬ 
tively  low  mechanical  Q  even  though  its  efficiency  is 
not  so  great  as  the  peak  efficiency  of  a  more  sharply 
resonant  one.  One  line  of  research  to  be  continued  in 
scanning  sonar  transducers  should  be  the  develop¬ 
ment  of  units  which  have  lower  mechanical  Q’s  than 
present  units  while  maintaining  the  same  efficiency. 

Another  method  of  solving  the  problem  of  varia¬ 
tion  of  transducer  impedance  is  to  include  in  the  cir¬ 
cuit  an  automatic  tuning  or  compensating  network. 
Several  such  compensating  networks  are  known  but 
very  little  work  has  been  done  toward  applying  them 
to  transducer  circuits.  For  practical  shipboard  use, 
however,  this  solution  is  definitely  less  desirable  than 
making  the  impedance  variation  in  the  transducer  so 
small  that  further  compensation  is  unnecessary. 

Simplicity  of  Design.  In  developing  a  complete 
underwater  sound  system  there  is  always  the  tempta¬ 
tion  to  add  such  a  multiplicity  of  accessories  for  the 
purpose  of  obtaining  information  that  all  the  gear  is 
seldom  in  good  working  order  at  any  one  time.  The 
most  troublesome  complications  arise  when  one  com¬ 
ponent  is  used  to  serve  two  or  more  purposes;  in  such 
a  case  the  failure  of  one  part  of  the  system  may  cripple 
the  other  unless  further  components  are  introduced 
to  prevent  such  an  occurrence.  It  is  good  practice,  in 
designing  a  system  that  must  be  highly  reliable,  to 
separate  the  functions  of  the  important  parts  so  that 
each  operates  independently.  This  is  particularly 
true  of  the  mechanical  components. 

An  example  may  be  cited  in  the  design  of  the  trans¬ 
ducer  portion  of  the  integrated  Type  B  sonar  in 
which  the  horizontal-scanning  transducer  and  the 
depth-scanning  transducer  are  mounted  on  the  same 


shaft.  The  depth-scanning  transducer  is  attached  to 
the  bottom  of  the  horizontal-scanning  transducer 
and  the  cables  from  the  first  pass  up  through  the  core 
of  the  second  through  appropriate  water  seals.  Ordi¬ 
narily  the  horizontal-scanning  transducer  does  not 
have  to  be  rotated  about  the  vertical  axis,  whereas 
the  depth-scanning  unit  does.  A  simple  arrangement 
is  obtained  by  rotating  both  transducers  and  compen¬ 
sating  for  the  rotation  of  the  horizontal-scanning  unit 
by  appropriate  phase  shifting  in  the  indicator  and 
control  circuits.  Both  transducers  are  housed  in  one 
large  dome.  The  chief  advantages  of  this  complex 
combination  are  (1)  that  one  transducer  does  not 
shade  the  other  acoustically,  (2)  that  only  one  sup¬ 
porting  shaft  is  needed,  and  (3)  that  only  one  dome  is 
needed.  Some  of  the  disadvantages  are  (1)  that  the 
rotation  of  the  horizontal-scanning  transducer  is  un¬ 
necessary  and  undesirable  as  far  as  its  particular  func¬ 
tion  is  concerned;  (2)  that  the  passing  of  the  cables 
from  the  lower  transducer  through  the  upper  one  and 
the  support  of  the  lower  transducer  by  the  upper  one 
introduces  undesirable  complications  in  the  mecha¬ 
nical  assembly  and  the  water  seals;  (3)  that  trouble¬ 
some  acoustical  reflections  are  produced  by  the  broad 
bottom  cap  of  the  upper  transducer;  and  (4)  that  the 
unusually  large  dome  requires  extra-heavy  internal 
structural  reinforcement  which  not  only  causes  acous¬ 
tic  interference  but  is  vulnerable  to  damage  because 
of  the  great  distance  it  extends  below  the  hull. 

The  reliability  and  the  simplicity  of  the  above  sys¬ 
tem  could  be  increased  by  separating  the  transducers 
so  that  the  action  of  each  one  is  independent  of  the 
other.  They  should  preferably  be  housed  in  separate 
smaller  domes  far  enough  apart  so  that  no  appreci¬ 
able  acoustic  interference  is  produced.  Perhaps  the 
preferred  position  of  the  depth-scanning  transducer 
would  be  a  considerable  distance  behind  the  hori¬ 
zontal-scanning  transducer  where  it  would  interfere 
least  with  the  routine  horizontal  searching.  The  two 
smaller  domes  would  have  less  internal  framework 
than  the  single  large  dome  would  have  to  interfere 
with  the  transmission  of  sound. 

Manufacturability 

Acoustical  and  Electrical  Tolerances.  The  perfec¬ 
tion  of  the  acoustical  patterns  formed  by  a  scanning 
sonar  system  depends  upon  the  uniformity  of  the 
elements  of  the  electrical  beam-forming  network  and 
the  uniformity  of  the  transducer  elements.  To  give 
acceptable  patterns,  deviations  from  the  proper 
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Figure  4.  Impedance  diagram  for  transducer  elements, 
showing  effects  of  variations. 


phases  and  amplitudes  of  the  signals  from  the  various 
elements  must  fall  within  certain  limits,  dependent 
upon  fundamental  operational  performance  require¬ 
ments.  In  the  manufacture  of  transducers  it  is  desired 
that  the  tolerance  range  of  the  sensitivities  of  the 
various  elements  be  limited  to  ±  1  db  of  the  average 
when  they  arc  terminated  in  their  complex  conjugate 
impedances.  It  is  also  desirable  that  the  variation  in 
the  phases  of  the  generated  voltages  across  the  con¬ 
jugate  impedance  loads  on  the  elements  be  not  more 
than  ±  10  degrees  when  the  elements  arc  excited  by 
the  same  sound  wave  (in  phase  on  all  elements).  This 
latter  requirement  means  that  the  sum  of  the  phase 
variations,  which  arise  from  variations  of  natural 
mechanical  frequency  and  variations  in  electrical  im¬ 
pedance  of  the  elements,  must  be  less  than  ±  15 
degrees. 

Figure  4  shows  the  effect  on  total  impedance 
caused  by  variations  in  element  and  load  impedance. 
In  the  circuit  consisting  of  the  clement  and  load  in 
scries  the  voltage  drop  across  the  load  is: 

V  =  7Z(1(,a<1)  =  E  •  | ^  '  (1) 

The  phase  of  E  (generated  voltage)  may  vary  ±  6  de¬ 
grees  because  of  variation  in  the  frequencies  of  reso¬ 


nance  of  the  various  elements.  The  phase  angle  of 
Z]<)ad  may  vary  as  much  as  ±  3  degrees  even  when  the 
components  of  the  beam-forming  network  are  care¬ 
fully  selected.  The  variation  of  the  phase  angle  of 
Z,„tal  is  ±  6  degrees.  (See  Figure  4.)  All  of  these  varia¬ 
tions  when  added  together  give  a  total  possible  phase 
variation  of  ±  15  degrees  which  means  a  total  spread 
of  30  degrees.  In  optics  or  acoustics  a  change  of  phase 
of  at  least  45  degrees  is  usually  considered  necessary 
to  bring  about  any  appreciable  change  in  diffraction 
pattern  so  that  the  30  degrees  mentioned  above  is  a 
reasonably  safe  tolerance.  The  phase  variation  due  to 
the  dispersion  of  the  frequencies  of  resonance  of  the 
elements  is  given  in  degrees  by 

A  4>  —  1 14  Q  (2) 

Juvg 

where  Q  is  the  usual  measure  of  the  sharpness  of  reso¬ 
nance  and  A /  is  the  deviation  of  the  actual  frequency 
of  resonance  from  the  average  frequency  of  resonance 
of  all  the  elements.  If  A  <t>  is  to  be  kept  within  the  lim¬ 
its  of  ±6  degrees  suggested,  then  ((5 A /)//aV(t  should 
be  kept  less  than  6  / 1 1 4. 

Necessary  tolerances  with  regard  to  sensitivity,  fre¬ 
quency  of  resonance,  and  impedance  of  the  elements 
are  fairly  severe  when  compared  with  ordinary  manu¬ 
facturing  tolerances.  That  suitable  elements  of  the 
magnelostrictive  laminated-stack  type  can  be  manu¬ 
factured  has  been  demonstrated  by  the  Sangamo  Elec¬ 
tric  Company.  The  same  is  true  of  the  Brush  Devel¬ 
opment  Company  with  respect  to  elements  of  the 
piezoelectric  crystal  type.  It  is  more  difficult  to  meet 
the  impedance  tolerances  than  the  frequency-varia¬ 
tion  tolerances  in  the  crystal  type.  The  (7  of  most 
crystal  units  is  of  the  order  of  3  and  consequently  the 
frequency  tolerances  arc  not  so  severe  as  those  for 
magnetostriction  units,  which  have  (7’s  ranging  up¬ 
ward  from  8. 

The  dimensional  tolerances  on  the  frames,  water 
seals,  etc.,  of  scanning  sonar  transducers  are  fairly 
close  but  easily  within  the  ranges  held  to  in  routine 
precision  machining.  No  difficulty  should  be  experi¬ 
enced  if  the  manufacturer  fully  realizes  the  import¬ 
ance  of  properly  fitting  parts  and  makes  the  effort  to 
meet  specifications. 

Cost ,  Rate  of  Production ,  Critical  Materials.  The 
magnetostriction  scanning  sonar  transducers  of  the 
laminated-stack  type,  completed  at  the  time  of  this 
writing,  cost  about  S8,000  each.  Of  this  amount  about 
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$1,200  was  paid  for  the  nickel  strip  from  which  the 
laminations  were  punched.  It  is  believed  that  in  rou¬ 
tine  production  the  cost  of  transducers  of  this  type 
could  be  brought  down  to  $5,000  or  $6,000.  The  cost 
of  the  nickel  used  in  a  tube-and-plate  type  of  mag¬ 
netostriction  transducer  would  be  almost  insignifi¬ 
cant,  but  the  many  small  parts  and  the  time  required 
to  maintain  the  close  dimensional  tolerances  in¬ 
crease  the  total  cost  of  this  type  to  a  similar  figure. 

The  cost  of  scanning  sonar  transducers  of  the  crys¬ 
tal  type  made  up  to  the  time  of  this  writing  ranges 
upward  from  $6,000.  In  production  this  could  prob¬ 
ably  be  lowered  to  around  $5,000.  Since  the  growing 
and  cutting  of  ADP  crystals  require  a  considerable 
investment  in  equipment,  time,  and  skilled  workers, 
it  is  not  likely  that  this  figure  can  be  lowered  by  any 
great  amount. 

The  rate  of  production  of  magnetostriction  trans¬ 
ducers  of  the  laminated-stack  type  is  determined 
mainly  by  the  rate  at  which  the  laminations  can  be 
punched  and  treated.  If  several  dies  are  used  simul¬ 
taneously,  the  laminations  from  the  various  dies 
would  have  to  be  kept  separate  for  use  in  separate 
transducers  unless  it  could  be  demonstrated  that  the 
different  groups  of  laminations  all  fall  within  the 
same  frequency  tolerances.  One  good  die  can  be  re¬ 
sharpened  and  used  to  punch  at  least  25,000  lamina¬ 
tions  during  an  eight-hour  day.  Since  an  ordinary 
horizontal-scanning  transducer  requires  about  65,000 
laminations,  one  die  can  punch  enough  laminations 
in  one  week  for  approximately  two  transducers. 

The  rate  of  production  of  crystal  transducers  de¬ 
pends  on  the  rate  at  which  the  crystals  can  be  grown 
and  processed.  A  crystal-growing  plant  with  a  capa¬ 
city  great  enough  to  grow  crystals  for  1,000  transduc¬ 
ers  per  year  would  be  very  large  but  well  within  the 
bounds  of  possibility. 

None  of  the  materials  that  go  into  the  construction 
of  transducers  is  used  in  large  enough  quantities  to 
be  critical.  About  400  tons  of  nickel  (if  the  scrap  is 
returned)  would  be  required  to  manufacture  1,000 
transducers  of  the  magnetostrictive  laminated-stack 
type.  The  amount  of  ADP  needed  for  crystals  in  1,000 
transducers  could  be  readily  made  and  purified  by 
the  chemical  industry,  but  growing  the  crystals  might 
slow  production. 

Testing  Facilities.  Many  routine  tests  should  be 
made  during  the  manufacture  of  the  various  parts  of 
a  transducer.  These  tests  and  the  facilities  necessary 
for  their  performance  are  discussed  elsewhere.1  Fu¬ 


ture  work  in  the  field  should  be  directed  toward  re¬ 
fining  techniques  for  the  purpose  of  securing  more 
accurate  and  reliable  data. 

Cables  for  Scanning  Sonar  Transducers 

In  most  scanning  sonar  systems  the  scanning  com¬ 
mutator  is  located  inside  the  ship.  This  necessitates 
running  wires  from  each  element  of  the  transducer  to 
the  commutator  chassis,  a  distance  usually  measuring 
from  40  to  50  feet.  In  order  to  minimize  electromag¬ 
netic  and  electric  pickup,  as  well  as  cross  talk  in  these 
long  wires,  it  is  good  practice  to  use  two  conductors  in 
the  form  of  a  twisted  pair  from  each  element.  In  cases 
where  three  or  more  leads  are  brought  from  each 
transducer  element,  the  leads  should  be  run  in  the 
cable  as  a  twisted  multiplet.  When  the  lead  wires 
are  run  in  the  cable  either  as  twisted  pairs  or  multi- 
plets,  there  is  no  need  of  a  common  electric  shield 
around  the  whole  cable.  The  conductors  forming  the 
cable  should  be  color-coded  to  facilitate  identifica¬ 
tion. 

The  bundle  of  wires  forming  the  cable  should  be 
surrounded  by  a  watertight  sheath.  It  is  also  desirable 
for  the  complete  cable  to  be  as  flexible  as  possible  to 
bending  and  twisting  deformations,  especially  in  in¬ 
stallations  where  the  transducer  must  be  trained  by 
the  rotation  of  the  transducer  shaft!  Stiff  cables  and 
cables  with  solid  wire  conductors  fail  quickly  when 
mechanical  rotation  is  required.  The  insulation  on 
the  individual  conductors  should  be  designed  to 
avoid  abrasion  against  adjacent  conductors,  possibly 
by  use  of  certain  waxy  lubricants.  If  the  cable  is  to  be 
flexible  the  sheath  should  not  bind  the  conductors 
together  too  compactly,  and  the  core  should  be  of 
such  pliable  material  as  hemp  or  jute.  For  installa¬ 
tions  in  which  the  transducer  must  be  rotated,  a  cable 
ten  feet  in  length  should  be  able  to  withstand,  during 
continuous  duty,  torsional  rotation  of  360  degrees  or 
more  in  both  directions. 

In  addition  to  being  as  flexible  as  possible,  the 
cable  must  have  the  nearly  incompatible  property  of 
being  impervious  to  the  passage  of  water  along  its 
length.  Cables  of  this  type  are  known  commercially 
as  “blocked”  cables.  Blocking  is  usually  accomplished 
by  vulcanizing  the  conductors  in  a  solid  rubber-like 
matrix,  although  this  makes  a  very  stiff  cable.  It  may 
also  be  accomplished  by  filling  the  spaces  between 
conductors  with  certain  waxy  resins  or  with  a  granu¬ 
lated  material  which  swells  quickly  to  a  large  volume 
when  water  comes  in  contact  with  it. 
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Satisfactory  cables  should  also  have  the  following 
specific  characteristics: 

1.  Resistance  not  greater  than  10  ohms  per  1,000 
feet. 

2.  Insulation  between  any  pair  of  wires,  at  least 
10  megohms  per  1,000  feet. 

3.  Capacitance  betrveen  any  two  wires  in  a  multi- 
plet,  not  greater  than  50  ^/.d  per  foot;  capacitance 
between  any  two  wires  in  different  multiplets,  not 
greater  than  30  n/j.1  per  foot. 

4.  Cross  talk  between  any  two  properly  terminated 
twisted  pairs  less  than  —50  db. 

5.  Insulation  strength,  1,000  volts;  insulation  of 
reasonably  low  dielectric  hysteresis  loss  from  10  to  60 
kc. 

6.  Sheath:  watertight,  tough,  flexible,  abrasion-re¬ 
sistant,  fire-resistant,  resistant  to  action  of  grease,  oil, 
salt  rvater,  air,  and  sunlight;  little  tendency  to  cold 
flow  when  put  under  pressure  by  a  gasket  seal. 

7.  Stability  of  properties  over  temperature  range 
from  20  to  170  F. 

8.  Ability  to  withstand  external  pressures  up  to 
1,000  psi. 

Among  the  commercial  multiconductor  cables 
which  partially  satisfy  the  above  requirements  is  a 
Navy-approved  armored  telephone  cable  with  the 
wires  made  up  into  twisted  pairs  [TTHFA].  It  satis¬ 
fies  most  of  the  specifications  given  above  except  that 
the  individual  conductors  arc  made  of  solid  wire  and 
the  assembly  is  too  stiff.  Such  a  cable  is  reasonably 
satisfactory  for  installations  in  which  the  transducer 
is  not  rotated  in  any  way,  but  unsatisfactory  if  the 
transducer  is  to  be  rotated. 

There  are  no  other  standard  commercial  cables 
that  meet  as  many  of  the  requirements  for  scanning 
sonar  transducers  as  the  TTHFA  telephone  cable 
mentioned  above.  It  is  recommended  that  prospective 
manufacturers  of  scanning  sonar  transducers  enlist 
the  aid  of  electrical  cable  companies  to  manufacture 
cable  to  meet  the  special  requirements  specified.  For 
example,  the  Collyer  Wire  and  Cable  Company  of 
Providence,  Rhode  Island,  has  made  some  special 
cable  for  HUSL  which  meets  most  of  the  specifica¬ 
tions  with  reasonable  satisfaction. 

Patterns 

Vertical  Patterns  of  Horizontal  Scanning  Trans¬ 
ducers.  The  type  of  vertical  pattern  most  desirable 
for  horizontal  scanning  depends  upon  a  variety  of 
factors  including  range  and  depth  of  the  target,  depth 


of  the  water,  roughness  of  the  sea,  roll  and  pitch  of 
the  ship,  and  thermal  gradient  in  the  water. 

So  far  all  but  one  of  the  horizontal  scanning  trans¬ 
ducers  of  this  project  have  been  made  with  elements 
that  are  five  to  seven  wavelengths  long,  with  uniform 
amplitude  from  top  to  bottom.  The  single  exception 
was  the  HP-3,  which  was  equipped  with  three  wires 
to  each  element  to  allow  amplitude  ratios  of  0: 1 : 1 : 0 
or  i/2: 1 : 1 d/s  on  the  four  stacks  of  each  element.  This 
transducer  has  not  yet  been  tried  on  shipboard  so  that 
no  comparison  can  be  made  of  the  advantages  and 
disadvantages  of  the  different  types  of  vertical  pat¬ 
terns.  However,  it  is  expected  that  each  transducer 
should  be  capable  of  giving  a  sharp  vertical  pattern 
for  routine,  long-range  azimuthal  search,  and  a  very 
broad  vertical  pattern  for  use  in  maintaining  contact 
with  close  deep  targets.  The  HP-3  transducer  is  being 
modified  to  have  a  pair  of  lead  wires  from  each  of  the 
four  stacks  of  all  48  elements  (192  pairs),  and  ship¬ 
board  experiments  will  be  conducted  using  all  the 
reasonable  combinations  of  amplitude  and  phasing. 
These  tests  should  give  fairly  definite  information 
about  the  most  practical  vertical  patterns  to  use  for 
different  search  conditions. 

Shading.  When  the  elements  of  a  horizontal  scan¬ 
ning  transducer  are  operated  at  the  same  amplitude 
throughout  their  entire  length,  the  first  three  pairs  of 
minor  lobes  of  the  vertical  pattern  are  only  about  1 1 
to  15  db  below  the  major  lobes.  If  the  elements  are 
divided  into  sections  with  inactive  spaces  between  the 
active  sections,  the  first  three  pairs  of  minor  lobes  are 
from  9  to  13  db  below  the  major  lobe  if  the  sections 
are  operated  at  the  same  amplitude.  However,  by 
shading,  that  is,  by  operating  the  sections  at  differ¬ 
ent  amplitudes,  the  heights  of  the  minor  lobes  rela¬ 
tive  to  the  major  lobe,  and  the  width  of  the  major 
lobe,  can  be  modified.  The  general  theory  of  patterns1 
indicates  that,  if  the  centers  of  the  active  sections  of 
the  elements  are  spaced  more  than  one  wavelength 
apart,  it  is  impossible  to  reduce  the  heights  of  minor 
lobes  below  the  value  they  would  have  in  the  pattern 
of  a  single  segment  at  the  same  angles.  Moreover,  in¬ 
active  spaces  between  sections  of  an  element  make 
the  minor  lobes  higher.  Consequently,  to  get  effective 
lobe  reduction  in  the  vertical  pattern  by  amplitude 
shading  and  phasing,  it  is  necessary  to  break  the  ele¬ 
ments  into  sections  which  are  less  than  one  wave¬ 
length  long  and  to  have  as  little  inactive  space  as  pos¬ 
sible  between  sections. 

It  should  he  recognized,  however,  that  there  is  still 
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Figure  5.  A  proposed  wiring  diagram  for  a  single  ele¬ 
ment  of  a  transducer  to  be  used  for  sharp  beam  and 
broad  beam  operation. 

some  question  as  to  whether  or  not  minor  lobe  reduc¬ 
tion  in  the  vertical  pattern  is  desirable  in  any  case.  It 
can  be  shown  that  the  directivity  index  (that  is,  ratio 
of  the  average  intensity  over  the  whole  sphere  sur¬ 
rounding  the  transducer  to  the  intensity  on  the  main 
beam)  is  a  minimum  when  the  elements  operate  at 
full  amplitude  over  their  entire  length.  Now  the  satis¬ 
factory  performance  of  an  echo-ranging  system  de¬ 
pends  largely  on  the  signal-to-noise  ratio,  where  the 
acoustical  noise  consists  of  reverberation  and  the 
noise  generated  in  the  water  by  the  ship.  This  ratio 
should  be  as  large  as  possible,  which  means  the  direc¬ 
tivity  index  should  be  low.  There  are  special  cases, 
however,  in  which  the  bottom  or  water  conditions 
make  high  side  lobes  undesirable  even  though  the 
pattern  has  minimum  directivity.  The  most  satisfac¬ 
tory  answer  can  only  be  obtained  by  shipboard  tests 
made  under  actual  echo-ranging  conditions. 

Separate  Layers  of  Elements  for  Regular  Search 
and  MCC.  One  convenient  way  of  getting  a  relatively 
sharp  vertical  beam  for  regular  search  purposes  and  a 
very  broad  beam  for  maintenance  of  close  contact 
[MCC]  is  to  divide  each  element  into  two  sections;  a 
long  section  for  the  sharp  beam  and  a  short  section 
for  the  broad  beam.  The  connections  are  as  shown  in 
Figure  5  where  the  common  terminal  H  is  used  for 
either  system.  Sharp  beam  operation  is  obtained  by 
throwing  the  grounding  switch  to  the  S  contact  and 
the  broad  beam  operation  by  switching  to  the  B  con¬ 
tact.  The  approximate  patterns  that  would  be  ob¬ 
tained  with  these  two  sets  of  connections  are  shown 
in  Figure  6.  These  two  patterns  satisfy  the  require¬ 
ments  quite  well,  although  it  might  be  somewhat 


better  if  the  main  lobe  of  the  broad  pattern  were  di¬ 
rected  farther  downward.  This,  however,  would  re¬ 
quire  either  mechanically  tilting  the  lower  ring  of 
stacks,  or  breaking  the  lower  ring  of  stacks  into  sub- 
segments  which  could  then  be  phased  with  respect  to 
each  other.  It  is  doubtful  whether  the  improvement 
in  performance  would  justify  this  additional  compli¬ 
cation. 

It  has  been  suggested  that  by  phase  reversal  a  two- 
lobed  difference  pattern  could  be  obtained  that 
would  provide  a  reasonably  good  MCC  feature.  The 
better  of  the  other  possible  combinations  should  be 
tried  on  shipboard  so  that  the  best  can  be  selected  on 
an  experimental  basis. 

Horizontal  Patterns 

Transmitting  Patterns.  Most  scanning  sonar  sys¬ 
tems  utilize  a  transmitting  pattern  which  is  uniform 
(±  1  db)  in  all  directions  in  the  plane  perpendicular 
to  the  axis  of  the  transducer. 

There  are  a  few  special  cases  in  scanning  sonar 
systems  in  which  it  may  be  desirable  to  transmit 
sound  power  into  the  water  in  preferred  directions. 
For  these,  a  limited  amount  of  directionality  can  be 
obtained  by  energizing  only  a  group  of  neighboring 
elements.  It  has  been  shown  theoretically2  and  ex¬ 
perimentally8  that  for  conventional  scanning  sonar 
transducers  the  patterns  produced  by  active  sectors 
of  less  than  30  degrees  are  very  similar  to  those  set  up 
by  flat-faced  transducers  of  equal  extent.  For  sectors 
greater  than  40  degrees  the  angular  width  of  the  pat¬ 
terns  increases  linearly  with  the  angular  extent  of  the 
sectors  and  is  independent  of  any  other  factors.  The 
minimum  pattern  width  is  then  obtained  with  a  40- 
degree  sector. 

If  it  should  be  desired  to  transmit  sound  in  a  sharp 
beam  with  greatly  reduced  side  lobes,  phasing  and 
amplitude  shading  would  have  to  be  introduced  just 
as  it  is  in  the  formation  of  a  sharp  receiving  beam.  At 
the  present  stage  of  development  the  insertion  and 
removal  of  such  a  transmitting  network  before  and 
after  pinging  would  involve  some  complicated  switch¬ 
ing,  but  it  might  be  that  if  more  attention  were  given 
to  the  problem  a  reasonably  simple  and  practical 
switching  system  could  be  devised. 

Receiving  Patterns.  The  ideal  receiving  pattern 
would  consist  of  a  sharp  main  lobe  with  no  side  or 
back  lobes.  To  approximate  such  a  pattern,  it  is  nec¬ 
essary  for  all  parts  of  the  beam-forming  system  to  be 
designed  correctly  and  to  operate  accurately  within 


CONFIDENTIAL 


SCANNING  SYSTEM  PROBLEMS:  FUTURE  WORK 


485 


very  close  tolerances.  The  tolerances  on  the  trans¬ 
ducer  components  have  already  been  discussed  in  a 
previous  section.  The  most  promising  place  for  im¬ 
provement  in  pattern  formation  is  in  the  beam-form¬ 
ing  networks  where  many  arrangements  of  different 
numbers  of  elements  and  of  phasing  and  shading 
schemes  remain  to  be  tried.  It  would  help  the  design¬ 
er  and  builder  of  transducers  if  beam-forming  net¬ 
works  could  be  devised  that  would  give  satisfactory 
patterns  from  transducer  elements  with  a  width  of 
34  wavelength  or  more,  instead  of  the  present  narrow 
width  of  I/2  wavelength. 

Frequency  Response,  Impedance,  Efficiency 

Mechanical  Q_.  Ideally,  frequency  response  for  a 
scanning  sonar  transducer  would  be  uniform  over  the 
entire  frequency  range  for  which  the  system  gave 
satisfactory  patterns.  This  would  make  it  possible  to 
change  the  frequency  of  operation  to  the  most  favor¬ 
able  value  when  desirable.  For  example,  when  two  or 
more  ships  operate  as  a  search  team  within  range  of 
each  other,  to  avoid  interference,  it  would  be  of  con¬ 
siderable  help  to  be  able  to  change  frequency  easily. 
If,  however,  the  transducer  has  a  sharp  mechanical 
resonance  it  cannot  be  operated  far  from  the  fre¬ 
quency  of  resonance  without  the  system  becoming 
inefficient. 

X-cut  Rochelle  salt  crystals  are  capable  of  giving  a 
uniform  frequency  response  and  efficiency  over  a 
relatively  wide  frequency  range  because  of  their  high 
electromechanical  coupling  coefficient  (0.6)  and  be¬ 
cause  their  specific  acoustic  resistance  is  more  nearly 
that  of  water  than  is  the  resistance  of  most  of  the 
metals,  including  nickel.  It  has  already  been  pointed 
out,  however,  that  these  crystals  are  not  entirely  prac¬ 
tical  because  of  their  vulnerability  to  high  tempera¬ 
tures  and  their  variation  of  impedance  with  tempera¬ 
ture.  ADP  crystals  have  a  lower  electromechanical 
coupling  coefficient  (0.3)  and,  consequently,  to  give 
the  same  efficiency,  must  be  operated  at  higher  me¬ 
chanical  (Ts  than  X-cut  Rochelle  salt  crystals.  On  the 
other  hand,  the  ADP  crystal  units  have  a  much  lower 
rate  of  change  of  impedance  with  temperature  and 
are  much  more  stable  at  high  temperatures.  Trans¬ 
ducers  using  ADP  crystals  may  be  made  to  operate 
with  reasonable  efficiency  at  £)’s  as  low  as  3  or  4,  while 
it  is  very  difficult  to  make  magnetostriction  transduc¬ 
ers  with  Q’s  lower  than  6  or  8  and  still  retain  satisfac¬ 
tory  efficiencies. 


Efficiency  versus  Q 

The  designer  of  scanning  sonar  transducers  must 
always  strive  toward  the  highest  possible  efficiency 
since  present  scanning  systems  require  more  than  1 
kw  of  sound  power  in  the  water  during  pings  and  the 
trend  is  toward  still  higher  powers.  It  was  pointed  out 
earlier  in  this  report  that  it  is  not  the  best  practice  to 
go  to  higher  Q’s  simply  to  achieve  high  efficiency.  It 
is  obvious  that  a  compromise  must  be  made  between 
high  efficiency  and  low  Q  if  the  electromechanical 
coupling  coefficient  is  low  (that  is,  from  0. 1 5  to  0.3).  A 
detailed  discussion  of  the  design  problem  is  given 
elsewhere.1 

Impedance  versus  Frequency 

The  most  common  generators  of  the  electronic  type 
used  to  provide  power  for  scanning  sonar  transducers 
are  designed  to  operate  into  a  load  resistance  that  is 
constant  with  frequency.  Consequently,  if  a  trans¬ 
ducer  is  to  act  as  an  ideal  load,  its  impedance  as  seen 
by  the  generator  should  be  resistive  and  constant.  Un¬ 
fortunately,  both  the  resistance  and  reactance  of  trans¬ 
ducers  of  the  magnetostrictive  or  piezoelectric  types 
vary  with  the  frequency,  and  the  higher  the  mecha¬ 
nical  Q  the  greater  is  the  rate  of  variation.  This  is  one 
of  the  reasons  that  a  transducer  with  a  broad  mecha¬ 
nical  resonance  is  more  desirable  than  one  with  a 
sharp  resonance. 

When  the  impedance  of  a  transducer  has  a  fairly 
large  reactive  component  it  may  be  rendered  resistive 
at  the  frequency  of  resonance  by  electrical  tuning. 
Several  types  of  networks  have  been  worked  out  for 
tuning,  but  much  further  development  and  improve¬ 
ment  are  indicated.  One  line  of  investigation  is  the 
use  of  automatic  tuning  networks  or  mechanisms 
which  operate  to  keep  the  transducer  network  auto¬ 
matically  tuned  to  the  proper  resistance  to  match  the 
power  source. 

Domes 

An  ideal  dome  should  have  the  following  charac¬ 
teristics: 

1.  The  streamlined  surface  should  be  shaped  so 
that  no  cavitation  takes  place  at  the  highest  ship 
speed  at  which  the  sonar  gear  is  to  operate. 

2.  The  walls  and  supporting  structure  of  the  dome 
should  produce  no  effect  on  the  incoming  or  outgoing 
sound. 

3.  The  dome  structure  should  be  strong  enough  to 
withstand  any  of  the  hydrodynamic  forces  it  may  en- 
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counter  in  rough  seas,  and  to  withstand  impacts  with 
such  underwater  debris  as  is  occasionally  encoun¬ 
tered  around  ports  and  harbors. 

The  domes,  which  consist  of  steel  framework  with 
a  thin  (0.050-inch)  “skin”  of  stainless  steel,  have 
proved  moderately  satisfactory  for  sharp-beam  echo¬ 
ranging  gear  of  the  QC  type.  The  few  experiments 
that  have  been  made  with  scanning  transducers 
mounted  in  domes  of  this  type  indicate  that  they  may 
also  be  satisfactory  for  scanning  sonar  use.  Some  im¬ 
provement  could  be  made  by  decreasing  the  size  and 
mass  of  the  supporting  framework  through  the  use 
of  stronger  and  more  corrosion-resistant  materials. 
It  may  also  be  possible  to  develop  a  skin  of  reinforced 
pc  rubber  with  greater  mechanical  strength  and  great¬ 
er  sound  transparency  than  the  stainless  steel  skin 
mentioned  above.  The  Naval  Research  Laboratory 
[NRL]  in  Washington,  D.  C.,  is  working  on  this  de¬ 
velopment. 

Another  type  of  dome,  which  seems  to  offer  inter¬ 
esting  possibilities,  is  a  dome  made  of  a  thick,  flat 
piece  of  molded  pc  rubber  of  oval  shape  and  fastened 
securely  at  its  boundary  to  the  hull  of  the  ship  or  the 
bottom  of  the  sea  chest.  Before  the  transducer  is  low¬ 
ered  below  the  hull  level,  the  rubber  dome  would  be 
inflated  by  pumping  water  into  it  under  pressure.  An 
arrangement  of  this  kind  would  provide  a  stream¬ 
lined  dome  that  is  rigid  and  entirely  free  of  objection¬ 
able  metal  framework  or  skin.  In  such  a  dome  the 
transducer  would,  in  effect,  be  in  free  water.  It  woidd 
also  have  the  advantage  of  being  highly  resilient  and 
able  to  withstand  considerable  impact  without  dam¬ 
age  to  itself  or  the  transducer.  Still  another  advantage 
is  that  the  water  (or  liquid)  between  the  transducer 
and  the  dome  would  be  under  a  pressure  of  several 
atmospheres  and  there  would  be  less  danger  of  cavi¬ 
tation  at  the  active  face  of  the  transducer  at  very 
high  power  levels  of  sound  transmission.  There 
would  also  be  considerably  less  trouble  than  at  pres¬ 
ent  is  caused  by  air  coming  out  of  solution  with  in¬ 
crease  in  temperature,  and  collecting  on  the  trans¬ 
ducer  and  dome  walls. 

There  are  many  other  dome  designs  and  arrange¬ 
ments  that  should  receive  some  consideration  includ¬ 
ing  combined  forms  of  the  stainless  steel  skin  and  re¬ 
inforced  rubber  skin  and  combined  forms  of  retract¬ 
able  domes  of  the  British  type  with  a  rubber  blister 
bottom.  Domes  molded  from  some  of  the  plastic  ma¬ 
terials  such  as  those  used  in  airplane  wings  and  bodies 
also  should  be  investigated. 


102  CR  PATTERN  FORMATION 

Although  the  capacitive  commutator  has  been  de¬ 
veloped  to  the  stage  of  practical  use,  there  is  still  con¬ 
siderable  room  for  improving  beam-forming  and 
beam-rotating  devices.  In  general,  future  work  should 
be  directed  toward: 

1.  Modifying  the  method  of  commutation  to  give 
greater  simplification  of  assembly  and  more  desirable 
electrical  characteristics. 

2.  Improving  the  method  of  conducting  the  signal 
or  signals  out  of  the  commutator  so  that  the  electric 
noise  level  is  reduced. 

3.  Increasing  the  scanning  speed. 

4.  Reducing  the  signal  loss  in  the  electric  circuits 
associated  with  the  commutator. 

5.  Securing  better  beam  patterns. 

The  first  three  items  present  both  mechanical  and 
electrical  design  problems.  The  last  two  items  mainly 
concern  the  electrical  design  of  the  beam-forming  lag 
line  and  the  method  of  introducing  the  echo  signal 
into  the  line.  The  following  proposals  are  offered  for 
examination  with  the  idea  that  the)  may  accomplish 
the  above  objectives.  They  concern  chiefly  improve¬ 
ment  of  the  capacitive  type  of  commutator,  although 
some  arc  applicable  also  to  the  inductive  type. 

10  2 1  Smooth  Rotation  of  Beam  Pattern 

In  all  commutators  made  so  far,  the  commutator 
plates  have  been  made  identical,  each  having  its  ca¬ 
pacitor  segments  uniformly  patterned  along  radial 
lines  in  the  case  of  the  flat  plate  design,  and  along 
axial  lines  in  the  case  of  the  cylindrical  plate  design. 
With  this  arrangement,  there  are  objectionable  pat¬ 
tern  changes  as  the  capacitor  segments  move  from 
the  in-register  position  to  the  inter-register  position. 
The  major  lobe  is  somewhat  distorted,  widened,  and 
decreased  in  amplitude.  Moreover,  the  minor  lobes 
in  certain  regions  of  the  pattern  are  increased. 

It  is  suggested  that  in  order  to  eliminate  such  vari¬ 
ations  the  capacitor  segments  on  one  of  the  plates  be 
skewed  in  a  manner  similar  to  that  shown  in  Figure  7. 
With  such  an  arrangement  there  should  be  smoother 
phase  changes  in  the  signals  fed  to  the  beam-forming 
network  and,  hence,  smoother  rotation  of  the  beam 
pattern. 

An  alternative  proposal  for  securing  smoother 
beam  rotation  is  to  subdivide  the  rotor  plates  into 
twice  as  many  capacitor  segments  as  there  are  on  the 
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stator,  thereby  providing  twice  as  many  signal  volt¬ 
ages  which  may  be  fed  into  the  lag  line4  as  described 
in  Chapter  9. 

The  first  proposal  necessitates  greater  care  in  shap¬ 
ing  the  capacitor  segments  on  the  skewed  plate, 
whereas  the  second  involves  more  line  feed-in  points, 
which  in  turn  means  more  resistors,  etc.  However,  an 
experimental  investigation  of  these  suggestions  is 
desirable  in  order  to  determine  their  respective 
merits. 

t°.2.2  Oil-Filled  Listening  Commutators 

One  disadvantage  of  the  capacitive  commutator  is 
that  a  very  small  air  gap  (0.0035  inch)  is  necessary  to 
provide  a  sufficiently  high  capacitance  between  seg¬ 
ments.  In  the  manually  trained  listening  commutator 
this  somewhat  stringent  requirement  might  be  eased 
by  immersing  the  commutator  plate  in  a  suitable  oil 
whose  dielectric  constant  is  several  times  that  of  air. 
For  example,  the  dielectric  constant  of  castor  oil  is 
5.6  and  that  of  Transil  oil  is  2.1,  so  that  with  the  same 
segment  area  the  spacing  might  be  increased  several 
times  without  decreasing  the  commutator  capaci¬ 
tance.  This  would  permit  relaxing  the  requirements 
for  machining  and  assembly  tolerance.  The  above 
proposal  is  not  suitable  for  the  high-speed  scanning 
unit.  In  general,  the  loss  of  uniformity  of  the  scan¬ 
ning  and  listening  commutator  parts,  and  the  compli¬ 
cations  inherent  in  making  the  assembly  liquid-tight, 
would  probably  outweigh  the  advantage  of  slightly 
more  space  between  plates  in  the  listening  commuta¬ 
tor  unit. 

to.2.3  Multi-Scan  Commutator  for 
High-Speed  Scanning 

The  scanning  speed  in  CR  scanning  systems  is  30 
rps,  limiting  the  transmitted  signal  pulse  length  to  a 
minimum  value  of  about  35  milliseconds.  Since  the 
signal-to-reverberation  ratio  and  the  range  resolu¬ 
tion  are  increased  as  the  ping  length  is  decreased,  it 
is  very  desirable  that  higher  scanning  speeds  be  ob¬ 
tained.  Since  doubling  the  rotational  speed  allows 
the  ping  length  to  be  halved,  a  study  of  the  possibili¬ 
ties  of  designing  a  commutator  to  rotate  at  3,600  rpm 
should  be  made. 

The  following  method  of  doubling  the  scanning 
speed  without  increasing  the  rotational  speed  is  pos¬ 
sible.  Let  the  stator  and  rotor  plates  of  the  scanning 


commutator  be  built  to  have  twice  as  many  capacitor 
segments  as  there  are  staves  around  the  transducer. 
With  a  48-stave  transducer,  for  example,  the  commu¬ 
tator  plates  would  each  have  96  segments.  If  one 
group  of  48  stator  segments,  subtending  an  arc  of  180 
degrees,  is  then  connected  in  parallel  with  the  other 
group  and  to  the  transducer,  the  sound  horizon  is 
scanned  twice  during  each  revolution  of  the  commu¬ 
tator  rotor.  To  keep  the  high  potential  leads  to  the 
stator  segments  as  short  as  possible,  a  transformer 
should  probably  be  used  for  each  stator  segment,  with 
the  two  groups  paralleled  in  their  low  impedance  pri¬ 
mary  sides.  In  the  rotor,  only  one  set  of  active  seg¬ 
ments  would  need  to  be  used,  although  two  sets 
would  be  required  for  maximum  utilization  of  the 
received  energy. 

Doubling  the  rotational  speed  and  at  the  same  time 
using  a  multistator  design  would  increase  the  scan¬ 
ning  speed  to  120  rps  which  would  allow  the  use  of  a 
9-millisecond  ping  length.  Although  both  mechanical 
and  electrical  problems  become  more  acute  in  a  de¬ 
sign  of  this  kind,  it  is  believed  that  such  a  commuta¬ 
tor  is  practical  and  might  materially  improve  the 
small-target  detecting  qualities  of  the  CR  scanning- 
system.  Inductive  rather  than  capacitive  coupling 
could  also  be  adapted  to  such  multiple  scanning,  in 
which  case  the  possibility  of  operating  all  circuits  at 
low  impedance  would  be  advantageous.  Inductive 
commutators  of  this  kind  are  discussed  in  a  later  sec¬ 
tion  of  this  chapter. 

10  2A  Tolerances 

The  principal  factor  determining  the  size  of  the 
air  gap  between  the  stators  and  the  rotor  is  the  total 
capacitance  required  in  the  circuit.  The  practical 
minimum  capacitance  between  each  stator  and  rotor 
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segment  is  about  100  /i/A.  However,  it  is  desirable  to 
have  the  value  as  high  as  possible  since  a  high  capaci¬ 
tance  keeps  the  commutator  reactance  low  and  allows 
the  impedance  of  the  lag  line  input  circuits  to  be  kept 
at  a  minimum.  Obviously  if  a  fixed  capacitance  be¬ 
tween  each  rotor  and  stator  segment  is  to  be  main¬ 
tained,  any  increase  in  the  size  of  the  air  gap  must  be 
accompanied  by  a  proportionate  increase  in  the  area 
of  the  capacitor  segments.  Although  an  air  gap  great¬ 
er  than  that  used  at  present  would  be  desirable  be¬ 
cause  the  reejuirements  on  uniformity  would  then  be 
less  strict,  as  long  as  insulating  plates  arc  used,  it  is 
probable  that  rotors  with  diameters  of  1 1  to  12  inches 
are  about  as  large  as  are  feasible.  Even  if  metal  plates 
were  used  it  would  be  desirable  to  keep  the  si/.e  down. 

A  practical  way  of  increasing  the  available  area  is  lo 
increase  the  number  of  plates  and  then  connect  them 
in  parallel  with  the  rotor  between  two  stators,  as  was 
done  in  both  the  Model  1  and  Model  IB  commuta¬ 
tors.  This  method  has  the  additional  advantage  of 
compensating  for  any  “wobble”  of  the  rotating  plate 
because,  if  the  rotor  plates  arc  parallel,  an  increase  of 
capacitance  on  one  side  is  accompanied  by  a  corres¬ 
ponding  decrease  on  the  other  side.  The  commutators 
built  to  such  a  design  arc  difficult  to  manufacture  and 
assemble.  It  is  doubtful  if  stators  and  rotors  could  be 
made  identical,  using  three  or  more  insulating  plates. 
If  metallic  plates  arc  used  and  fabricated  as  described 
in  this  chapter,  the  advantage  in  having  them  iden¬ 
tical  would  no  longer  be  so  great,  and  a  design  utiliz¬ 
ing  three  or  more  plates  could  fie  developed  which 
would  allow  a  simple  assembly. 

10.2.5  Multiple  Plate  Commutator 

The  following  brief  discussion  describes  one  pos¬ 
sible  way  of  simplifying  the  assembly  of  a  multiple 
plate  commutator.  An  outstanding  defect  in  all  the 
designs  considered  so  far  is  that  all  electrical  connec¬ 
tions  to  the  segments  have  to  be  made  after  assembly 
and  alignment  of  the  plates.  The  connections  from 
the  rotor  segments  to  the  lag  line,  where  the  latter  is 
on  the  rotor,  are  particularly  difficult  to  reach,  since 
they  have  to  be  made  through  a  large  hole  in  the 
center  of  a  stator.  The  Model  IB  commutator  utilized 
banana  plugs  that  attached  to  each  section  of  the  lag 
line  and  were  plugged  into  holes  in  the  rotor.  These 
connections  should  be  more  positively  made  for  pro¬ 
duction  models.  The  wiring  problem  would  be  con¬ 
siderably  simplified  if  the  lag  line  and  rotor  could  be 


mounted  on  the  shaft  and  the  wiring  done  before  the 
end  plates  and  stators  arc  assembled.  The  most  obvi¬ 
ous  way  of  making  this  possible  would  be  to  split  the 
stators  in  the  center  so  that  they  could  be  added  to 
the  assembly  last,  a  procedure  which  docs  not  seem 
practical  as  long  as  insulating  materials  arc  used  for 
thc  plates.  It  would  be  feasible,  however,  if  metal- 
based  plates  were  used.  Such  an  arrangement  is 
shown  in  Figure  8.  During  manufacture  the  stator 
base  plates  could  be  pinned  together,  the  segments 
added,  and  the  plates  ground  and  finished  as  units. 
They  could  then  be  separated  for  assembly  and  as 
many  plates  as  desired  could  be  stacked  up  and  fast¬ 
ened  together  to  form  the  multiple  stator.  The  stator 
plates  would  be  separated  by  spacers  ecpial  to  the 
thickness  of  the  rotor  plates  plus  twice  the  air  gap 
desired.  In  previous  models  it  has  been  difficult  to 
connect  the  stator  segments  in  parallel  after  assembly 
of  the  entire  commutator,  but  with  the  stack  de¬ 
scribed  above  these  connections  could  be  made  before 
adding  stators  to  the  rotor  assembly. 

10-26  Plate  Materials 

All  commutators  that  have  been  built  so  far  have 
been  subject  to  the  basic  limitation  that  the  insulat¬ 
ing  material  is  also  the  structural  supporting  mcm- 
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Figure  9.  Composite  capacitive  commutator  plate  ar¬ 
rangements. 


ber.  The  work  that  has  already  been  done  is  described 
fully  in  Chapter  5,  where  it  is  suggested  that,  if  the 
same  method  is  to  be  used  in  future,  the  possibility 
of  using  a  ceramic  such  as  Alsimag  instead  of  glass 
should  be  investigated  further. 

It  is  also  suggested  in  Chapter  5  that  any  future 
study  should  include  composite  structures  in  which 
the  separate  functions  of  insulation  and  structural 
support  are  performed  in  each  case  by  the  most  suit¬ 
able  material.  The  use  of  a  heavy  metal  plate  with 
metal  segments  attached  to  it  through  insulating 
bushings  was  considered  for  the  first  commutator  de¬ 
sign  but  was  discarded  because  of  its  complexity. 
However,  in  production  this  method  might  prove 
quite  practical.  For  example,  the  segments  could  be 
die-cast,  molded,  or  possibly  forged  accurately  enough 
so  that  only  slight  surface  grinding  would  be  neces¬ 
sary  after  assembly.  Insulators  could  be  molded  and 
provisions  could  be  included  for  locating  them  on  the 
main  plate  and  for  locating  the  segments  on  them.  In 
addition,  provision  for  making  electrical  connection 
to  each  segment  could  be  included  in  the  die.  The 
main  plate  to  which  these  segments  were  to  be  at¬ 
tached  could  be  of  aluminum  thick  enough  to  remain 
flat.  It  would  be  considerably  easier  to  mount  such  a 
plate  and  maintain  alignment  than  it  is  with  the  in¬ 
sulating  plates  now  being  used.  Sketches  of  possible 
composite  arrangements  are  shown  in  Figure  9. 


t°.2.7  Inductive  Commutator 

Early  in  the  research  program  on  electromechani¬ 
cal  beam-rotating  devices,  an  inductive  type  of  com¬ 
mutator  was  proposed  and  partially  designed.  As  ori¬ 
ginally  planned,  it  was  to  have  a  number  of  trans¬ 
formers  (as  many  as  there  were  transducer  staves) 
each  having  a  stationary  primary  and  movable  sec¬ 
ondary.  Each  secondary  was  to  be  mounted  on  a  rotor 
located  inside  the  primaries,  with  a  small  air  gap  be¬ 
tween  the  magnetic  cores.  Each  primary  coil  was  to  be 
connected  to  a  transducer  stave,  with  a  certain  num¬ 
ber  of  secondary  coils  connected  into  the  lag  line.  In 
the  original  design,  the  cores  were  to  be  built  of  lami¬ 
nated  magnetic  iron  and  clamped  together  in  a  brass 
supporting  structure.  However,  owing  to  the  diffi¬ 
culty  of  meeting  the  requirements  of  transformer  de¬ 
sign  with  the  laminated  materials  then  available,  and 
to  the  rapid  development  of  the  capacitive  commuta¬ 
tor,  an  operating  model  of  the  inductive  unit  was 
never  built. 

It  is  strongly  recommended  that  the  possibilities  of 
this  type  of  commutator  be  re-examined.  It  seems 
probable  that  with  the  improved  methods  of  molding 
and  bonding  dust  core  material  now  available,  the 
requirements  of  transformer  design  can  be  readily 
met.  Although  the  inductive  commutator  may  be 
mechanically  more  complex  in  structure,  neverthe¬ 
less  from  the  electrical  point  of  view  it  has  the  follow¬ 
ing  advantages: 

1.  No  impedance-matching  input  transformers  are 
needed  since  the  stator  coils  themselves  may  be  de¬ 
signed  to  match  the  transducer  impedance. 

2.  The  rotor  coils  may  be  wound  to  provide  any 
desired  transformation  ratio  to  suit  the  lag  line  de¬ 
sign,  which  may  be  of  low  impedance,  and  the  signals 
may  be  introduced  by  series  feed. 

3.  With  series  feed,  the  necessary  attenuation  of 
signal  voltages  can  be  secured  by  variation  of  the 
turns  ratio  between  the  rotor  and  stator  coils,  thus 
eliminating  part  of  the  resistor  network  now  used  in 
the  capacitive  commutator  and  requiring  less  space 
for  the  beam-forming  lag  line. 

4.  With  low-impedance  circuits,  shielding,  as  well 
as  avoidance  of  cross  talk,  becomes  much  less  of  a 
problem,  and  multiple-scan  commutators  become 
more  practical.  Mechanically,  a  much  stronger  struc¬ 
ture  can  be  built  since  the  main  stresses  can  be  taken 
by  metallic  members.  In  this  connection.  Figure  10. 
illustrates  a  design  which  has  rotating  secondaries 
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Figure  10.  Suggested  design  for  inductive  commutator 
for  CR  scanning  sonar. 


outside  of  the  stationary  primaries  so  that  they  would 
be  subject  only  to  compressive  stresses.5  With  greater 
structural  strength  higher  rotation  speeds  could  be 
realized,  perhaps  making  feasible  some  of  the  schemes 
that  have  been  proposed  for  short-ping  CR  sonar. 
Also  larger  air  gaps  might  be  satisfactory  with  conse¬ 
quent  easing  of  machining  tolerances. 


102-8  Capacitive  and  Inductive  Output 
Rings 

The  contact  type  of  slip  ring  has  proved  reasonably 
satisfactory  for  conducting  lag  line  signals  out  of  the 
commutator  rotor.  Electrical  noise  generated  in  the 
sliding  contact  has  been  kept  fairly  low  by  proper  de¬ 
sign  and  adjustment  of  brush  pressure  but  is  a  limit¬ 
ing  factor  in  determining  the  threshold  sensitivity  of 
the  scanning  sonar.  Brush  noise  is  likely  to  increase 
appreciably  with  time. 

Two  other  types  of  pickup  arc  possible,  both  of 
which  have  several  advantages  over  the  sliding  con¬ 
tact.  One  of  these,  the  capacitive  ring  output,  was 
used  with  success  in  the  earlier  models  of  the  scan¬ 
ning  commutator.  The  second,  which  may  be  called 
the  inductive  output,  has  not  been  investigated  to 
date.  Both  are  free  of  the  electric  noise  troubles  that 
are  inherent  in  the  contact  type  of  slip  ring  and  have 
other  advantages  that  justify  further  investigation. 


For  the  capacitive  output,  a  capacitance  of  around 
500  m tf  is  desirable  with  a  10,000-  to  15,000-ohm  lag 
line.  A  significant  difference  between  the  commutat¬ 
ing  plates  and  the  output  rings  is  that  the  total  capa¬ 
citance  is  always  used  in  the  output,  uniformity  of  the 
air  gap  not  being  important.  Flat  radial  plates  were 
found  difficult  to  assemble  and  adjust  and  led  to  the 
adoption  of  slip  ring  output.  It  should  be  possible 
to  design  a  capacitive  output  commutator  whose  as¬ 
sembly  would  not  be  unduly  complicated.  For  ex¬ 
ample,  the  output  rings  could  be  made  cylindrical 
and  mounted  to  the  rotor  shaft  in  essentially  the 
same  way  that  the  slip  rings  are  now  mounted.  The 
stator  could  then  be  a  complete  cylinder  slipped  over 
the  rotor,  or  two  or  more  sections  of  a  cylinder  mount¬ 
ed  independently  and  connected  in  parallel,  as  shown 
in  Figure  11.  An  alternative  arrangement  would  be 
to  place  the  stators  inside  the  rotor;  such  an  arrange¬ 
ment  would  be  well  adapted  to  the  Sangamo  XQHA 
commutator  design. 

Where  the  capacitive  ring  is  used,  its  capacitance 
may  be  utilized  as  a  component  of  a  band-pass  filter 
between  the  rotor  output  and  preamplifier,  as  shown 
in  Figure  12.  The  chief  disadvantage  of  this  arrange¬ 
ment  is  that  the  filter  characteristic  is  somewhat  de¬ 
pendent  on  the  ring  air  gap. 

The  capacitive  ring  output  described  above  is  not 
readily  adaptable  if  a  low-impedance  lag  line  is  used 
in  the  commutator.  An  inductive  output  arrange¬ 
ment  on  the  other  hand  may  be  designed  to  match 
any  desired  lag  line  impedance.  It  also  has  the  ad¬ 
vantage  over  either  the  capacitive  or  sliding  contact 
devices  in  that  the  two  coils  may  be  wound  to  provide 
any  desired  transformation  ratio.  A  step-up  ratio  may¬ 
be  used  to  feed  a  closely  adjacent  preamplifier,  or  a 
low-impedance  output  may  be  provided  so  that  the 
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Figure  12.  Output  capacitive  ring  in  filter  arrangement. 


signals  are  fed  directly  to  a  remotely  placed  receiver 
chassis.  Furthermore,  the  secondary  of  the  stationary 
coil  can  be  ungrounded  for  a  balanced  output  circuit. 
Only  one  ring,  or  its  equivalent,  would  be  needed  for 
a  single-channel  output,  and  two  where  a  two-chan¬ 
nel  output  for  BDI  is  needed.  Several  possible  ar¬ 
rangements  based  on  the  use  of  molded  dust  cores 
are  shown  in  Figure  13.  At  A  is  shown  a  radial  gap 
design  that  has  the  feature  of  using  identical  cores  for 
rotor  and  stator.  At  B  is  shown  an  axial  gap  design 
that  is  slightly  more  complicated,  but  which  can  be 
applied  in  dual-channel  use,  as  shown  at  C.  It  also 


Figure  13.  Inductive  output  arrangements. 


lends  itself  to  astatic  winding,  which  may  be  necessary 
for  reduction  of  hum  pickup,  as  shown  at  D.  Such 
an  arrangement  for  dual-channel  outputs  is  shown 
at  E.  The  space  between  rotors  and  stators  would  be 
determined  by  the  amount  of  leakage  inductance 
that  could  be  tolerated;  a  reasonable  value  is  0.005 
inch.  It  should  be  pointed  out  that  the  leakage  in¬ 
ductance  could  be  employed  as  a  component  of  a 
band-pass  filter  in  the  same  manner  as  the  capacitance 
of  the  capacitive  ring  output. 

to.2.9  Double  Lag  Line  Output  Coupling 
Techniques 

In  past  commutator  designs  where  two  singly  fed 
lag  lines  were  used,  and  one  output  channel  was  de¬ 
sired,  the  output  leads  were  connected  to  the  com¬ 
mon  junction  of  the  lines  as  shown  in  Figure  14A. 
Where  right  and  left  output  channels  were  desired, 
each  line  was  resistance-terminated  and  the  output 
signals  were  brought  out  directly  to  two  separate 
preamplifiers. 

It  has  been  proposed  that  a  transformer,  or  trans¬ 
formers,  should  be  inserted  at  the  output  point,  there¬ 
by  obtaining  a  5-  to  10-db  gain  in  the  signal  voltage 


LEFT  LAG  LINE  RIGHT  LAG  LINE 


Figure  14.  Methods  of  output  coupling  for  one-  and  two- 
channel  outputs. 


CONFIDENTIAL 


492 


DISCUSSION  OF  SCANNING  SONAR  PROBLEMS 


on  the  grid  of  the  preamplifier.  Such  an  arrangement 
is  shown  at  B  in  Figure  M  for  a  single-channel  out¬ 
put.  Where  sum-and-differcncc  outputs  arc  desired 
from  a  double  lag  line  commutator,  transformer  con¬ 
nections  can  be  made  as  shown  at  C. 

10  210  Stationary  Lag  Line 

One  or  two  early  models  of  the  capacitive  commu¬ 
tator  were  designed  with  stationary  lag  lines.  To  con¬ 
vey  the  signal  from  the  active  elements  of  the  com¬ 
mutator  rotor  to  the  lag  line,  capacitive  rings  were 
used.  This  type  of  commutator  design  was  quite  satis¬ 
factory  but  was  abandoned  in  favor  of  the  mechani¬ 
cal  simplicity  achieved  with  a  rotating  lag  line. 

It  now  appears  that  commutator  construction 
could  be  simplified  considerably  by  having  the  lag 
line  mounted  outside  the  commutator,  coupled  to  the 
commutating  elements  either  inductively  or  capaci- 
tively.  Certainly  the  manufacture  of  the  lag  line  it¬ 
self  would  be  much  easier  if  requirements  of  space 
and  dynamic  balancing  were  removed. 

I0.2.U  Pattern  Computer— Study  of 
Phasing  Tolerances 

In  developing  the  CR  scanning  technique,  it  has 
been  apparent  that  a  more  exhaustive  investigation 
of  the  beam  formation  was  necessary  than  that  which 
could  be  made  during  the  emergency  period.  In  lag 
line  design  the  following  problem  is  presented:  Given 
a  set  of  transducer  signal  voltages  having  certain  am¬ 
plitudes  and  mutual  phase  relationships,  what  arc 
the  amplitude  and  phase  factors  that  must  be  incor¬ 
porated  into  a  beam-forming  network  to  give  the  op¬ 
timum  pattern? 

At  present,  the  beam-forming  lag  line  is  designed 
to  produce  phase  lags  which  approximate  those  that 
occur  between  signal  voltages  generated  in  the  vari¬ 
ous  staves  of  the  cylindrical  transducer.  As  far  as 
phase  relationships  are  concerned,  the  line  merely 
compensates  for  the  circularity  of  the  transducer  by 
making  its  directional  sensitivity  equivalent  to  that 
of  a  plane  array  of  receiving  elements.  To  aid  in  form¬ 
ing  the  desired  beam,  the  signals  from  the  staves  on 
either  side  of  the  “head-on”  point  arc  further  attenu¬ 
ated  by  a  resistor  network  in  the  commutator.  Actu¬ 
ally,  there  is  no  assurance  that  the  phase  lags  and  at¬ 
tenuations  now  used  in  lag  line  design  arc  necessarily 
those  which  gave  the  best  pattern  for  a  given  number 


of  elements;  nor  is  it  known  just  how  widely  these 
factors  may  deviate  from  their  theoretically  correct 
values  without  materially  affecting  the  beam  pattern. 

As  far  as  is  known  there  is  no  simple  and  direct 
theoretical  approach  to  the  above  problem.  However, 
a  pattern  computer  has  been  proposed  and  designed 
as  an  experimental  means  of  studying  the  problem  of 
beam  formation. 

•o-3  ER  PATTERN  FORMATION 

lo.s.t  Improvements  in  Present  Methods 
of  Electronic  Switching 

The  greatest  improvements  in  the  electronic  rota¬ 
tion  [ER]  sonar  can  be  made  in  that  portion  of  the 
system  which  forms  and  rotates  the  receiving  pattern 
and  by  providing  a  listening  channel.  As  described 
in  Chapter  7,  electronic  rotation  uses  a  beam-forming 
lead  line  with  high-speed  electronic  switching  ele¬ 
ments  to  couple  signals  from  desired  positions  to  the 
receiving  circuits.  While  the  beam-forming  abilities 
of  such  lead  lines  are  now  fairly  well  known  (see 
Chapter  9),  the  switching  elements  hat  e  not  thus  far 
been  entirely  satisfactory  in  service.  Copper  oxide 
varistors  have  proved  vulnerable  to  overload  damage 
during  transmission,  and  have  been  found  to  vary 
widely  in  transfer  characteristics.  Provision  of  pro¬ 
tective  devices  (neon  lamps)  permitted  mounting  the 
commutator  inside  the  transducer,  thus  eliminating 
the  use  of  cables  with  large  numbers  of  conductors, 
but  recent  developments  in  cable  construction  make 
this  advantage  of  little  importance.  Once  the  pattern 
forming  and  rotating  device  is  located  inside  the  ship, 
instead  of  inside  the  transducer,  the  advantages  of 
varistors  over  vacuum  tubes  as  switching  elements 
virtually  disappear.  Vacuum  tubes  are  more  uniform 
in  transfer  characteristics;  they  can  be  arranged  to 
present  less  load  to  the  lead  line  and  to  introduce  less 
switching  noise;  and  they  are  generally  less  vulner¬ 
able  to  damage  from  overload.  The  self-biasing  cir¬ 
cuit  described  in  Chapter  7  seems  desirable  in  order 
to  ease  amplitude  tolerances  on  the  switching  line, 
and  either  diodes  or  multi  element  tubes  may  be  used. 

Replacement  of  the  separate  switching  elements 
with  a  single  electronic  unit  seems  very  desirable,  par¬ 
ticularly  if  the  unit  is  of  a  type  in  which  physical  mo¬ 
tion  of  an  electron  beam  accomplishes  the  switching 
and  mixing  functions.  Such  devices  have  been  devel¬ 
oped  by  the  Western  Electric  Company0  and  the  Fed- 
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eral  Telephone  and  Radio  Corporation7  for  multi¬ 
plex  communication  purposes,  and  could  probably 
be  adapted  for  ER  service.  If  the  switching  noise 
should  prove  too  great  at  the  signal  levels  obtained 
from  the  transducer,  separate  preamplifiers  for  each 
element  or  for  each  switching  point  might  be  neces¬ 
sary.  They  could  conceivably  be  constructed  as  part 
of  the  switching  device. 

io.3.2  New  Forms  of  ER  Pattern  Forming 
and  Rotating  Devices 

With  the  present  single  lead-line  arrangement,  the 
pattern  quality  that  can  be  obtained  is  distinctly  lim¬ 
ited  by  the  design  compromises  necessary  to  obtain  a 
uniform  line,  and  the  ER  system  is,  therefore,  at  a 
distinct  disadvantage  when  compared  to  the  CR  type. 
Improvement  in  ER  pattern  quality  is  much  desired 
to  afford  better  resolution  and  greater  freedom  from 
interference.  The  several  directions  of  development 
which  are  possible  include: 

1.  Phased  switching. 

2.  Multiple-layer  lead  lines. 

3.  Preformed  patterns. 

In  Chapter  9  it  is  pointed  out  that  improved  pat¬ 


terns  could  be  obtained  if  the  signals  from, the  points 
active  at  any  instant  were  combined  with  appropriate 
phase  changes,  rather  than  directly  combined  as  at 
present.  Modifications  of  the  present  circuit  to  allow 
simply  plus  or  minus  control  of  phase  seem  reason¬ 
ably  easy,8  and  more  exact  control  of  phase  (through¬ 
out  360  degrees)  could  be  obtained  with  the  arrange¬ 
ment  shown  in  Figure  15.  From  each  junction  point 
of  the  lead  line,  the  signal  is  taken  to  a  phase-split¬ 
ting  and  resolving  circuit  which  delivers  four-phase 
signals  to  four  switching  elements.  Separate  switching 
control  potentials  are  applied  to  these  elements  from 
four  switching  lines,  each  of  a  form  to  give  the  de¬ 
sired  overall  transmission  to  the  receiver. 

Multiple-layer  lead  lines  have  been  suggested  as  a 
means  of  avoiding,  at  least  in  part,  the  inherent  lim¬ 
itations  of  the  present  single  lead-line  arrangement. 
The  chief  deterrent  to  their  investigation  has  been 
the  extreme  difficulty  of  analyzing  their  behavior.  At 
first  glance,  it  seems  possible  that  such  lines  could 
give  much  closer  approximations  to  the  required 
phase  shifts  and  amplitudes  than  single-layer  lead 
lines.  For  example,  in  the  two-layer  lead  line  shown 
in  Figure  16,  it  would  appear  that  signals  from  trans¬ 
ducer  elements  near  any  particular  point  would, 
through  the  action  of  the  transverse  lag  lines,  be 
phase-advanced  relatively  less  than  those  from  more 
remote  elements.  The  attenuation  effects  are  not  so 
easy  to  visualize,  but  it  is  believed  that  they  too  would 
be  subject  to  control  in  the  desired  direction. 

A  scanning  sonar  using  preformed  patterns  is  al¬ 
ready  under  development  by  the  British  Admiralty.9 
In  such  a  system,  as  indicated  in  Figure  17,  signals 
from  each  element  are  fed  through  separate  bridging 
resistors  into  appropriate  points  on  several  lag  lines. 
For  a  48-element  transducer,  a  maximum  of  perhaps 
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16  elements  would,  therefore,  feed  each  lag  line.  Each 
lag  line  is  made  to  give  the  theoretically  required 
phase  shifts,  and  the  required  amplitude  control  is 
obtained  by  choice  of  the  bridging  resistors,  as  in  the 
CR  scanning  sonar.  In  the  British  system,  electronic 
switching  is  used  to  pass  the  output  from  each  lag  line 
in  turn  to  the  receiver,  but  smooth  rotation  of  the 
receiving  pattern  could  probably  be  achieved  with 
proportional  switches  and  a  graduated  switching 
pulse  like  that  now  used  in  the  ER  scanning  system. 
It  should  be  noted  that  the  use  of  lag  lines,  rather 
than  lead  lines,  makes  the  operation  of  this  system 
relatively  independent  of  frequency. 


to.3.3  Storage  of  Received  Energy 

Present  scanning  sonar  systems,  employing  either 
commutated  or  electronic  rotation,  make  use  of  only 
a  small  fraction,  1/10  to  1/13,  of  the  incident  echo 
energy.  Unfortunately,  the  echo  is  not  uniform  in  in¬ 
tensity  like  the  transmitted  pulse,  but  shows  wide  and 
rapid  fluctuations.10  Consequently,  since  the  fraction 
used  may  happen  to  be  taken  at  any  part  of  the  inci¬ 
dent  echo,  it  is  much  less  consistent  in  intensity  than 
is  the  average  of  the  whole  echo.  In  addition,  rapid 
changes  in  intensity  during  the  accepted  fraction  lead 
to  errors  in  the  indicated  bearing  of  the  echo.  In  CR 
scanning  sonar  the  resulting  inconsistencies  in  scan¬ 
ning  indications  are  known  to  put  the  scanning  chan¬ 
nel  at  a  basic  disadvantage  with  respect  to  the  listen¬ 


ing  channel  which  utilizes  the  whole  echo.  An  obvi¬ 
ous  remedy  for  this  undesirable  situation  is  to  make 
provision  for  energy  storage,  so  that  the  average  echo 
intensity  can  be  indicated.  Even  if  only  partial  inte¬ 
gration  must  be  accepted,  some  statistical  improve¬ 
ment  should  result. 

In  the  British  system  with  preformed  patterns  de¬ 
scribed  above,  the  signal  energy  output  from  each 
channel  is  stored,  after  rectification,  on  a  capacitor 
which  is  scanned  by  the  electronic  switch.  By  proper 
choice  of  rectifier  time  constants  a  useful  degree  of 
integration  can  presumably  be  obtained. 

Another  approach  is  through  storage  of  vibration 
energy  in  the  transducer  element  itself,  or  of  electric 
energy  in  an  associated  tuned  electric  circuit.  Here 
the  basic  limitation  is  in  the  band  width  required  to 
accommodate  doppler  and  to  allow  for  frequency 
drift,  since  band-width  considerations  based  on  the 
pulse  length  of  the  rapidly  swept  pattern  are  only 
valid  after  the  pattern  has  been  formed.  A  30-kc  trans¬ 
ducer  with  a  ()  of  20  would,  for  example,  give  energy 
integration  over  about  4/9  of  the  returning  pulse  at 
330-rps  rotation  speed,  a  considerable  potential  im¬ 
provement  over  the  1/12  figure  at  present  achieved 
with  the  ER  scanning  sonar.  It  must  be  pointed  out, 
however,  that  this  advantage  is  offset  by  the  fact  that 
the  use  of  sharply  resonant  mechanical  or  electrical 
input  circuits  precludes  change  of  system-operating 
frequency  and  increases  the  difficulty  of  adequate 
control  of  phase  variations. 

i°.3.4  Sector  Scanning  Arrangements 

Of  the  various  scanning  systems  that  have  been 
built  up  to  this  time,  only  the  depth-scanning  sonar 
described  in  Chapter  6  has  scanned  less  than  360  de¬ 
grees.  Other  applications  in  which  scanning  of  only 
a  sector  would  be  useful  have  been  suggested,  how¬ 
ever,  among  them  navigational  aids  and  bottom  sur¬ 
veys.  The  ER  scanning  system,  with  its  possibility  of 
giving  high  range  resolution,  should  be  worth  inves¬ 
tigating  with  regard  to  such  sector  scanning  applica¬ 
tions. 

In  order  to  make  full  use  of  the  scanning  time,  it  is 
desirable  that  a  fully  formed  receiving  pattern  start 
at  one  edge  of  the  sector  and  be  swept  to  the  other 
edge  and  then  be  cut  off;  at  that  instant  a  fully  formed 
beam  should  start  again  at  the  beginning  of  the  sec¬ 
tor.  If  the  present  type  of  ER  scanning  system  is  used, 
a  second  switching  pulse  would  have  to  start  down 
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Ficure  18.  Sector  scanning  arrangement. 


Figure  19.  ER  listening  channel  arrangement. 


the  switching  line  at  just  the  right  time  to  form  a  pat¬ 
tern  at  the  beginning  edge  of  the  sector  at  the  instant 
the  preceding  pulse  is  forming  a  pattern  at  the  finish¬ 
ing  edge.  Suitable  blanking  pulses  would  have  to  be 
provided  to  block  the  switching  devices  at  the  begin¬ 
ning  edge  of  the  sector  until  the  center  of  the  pattern 
reaches  the  finishing  edge,  then  to  block  those  at  the 
finishing  edge  as  the  new  pattern  starts  at  the  begin¬ 
ning  edge.  Similar  control  of  the  indicator  potentials 
would  be  required.  A  functional  block  diagram  of 
such  a  system  is  shown  in  Figure  18. 

A  sector  scanning  system  could  be  used  in  parallel 
with  a  full  360-degree  system  to  permit  more  careful 
examination  of  a  sector  of  interest,  or  it  could  be  a 
separate  special-purpose  system.  In  the  latter  case, 
sector  pinging,  to  put  most  of  the  transmitted  energy 
into  the  sector  of  interest,  would  be  desirable. 

The  greatest  difficulty  in  applying  the  ER  scanning 
method  to  sector  scanning  would  be  in  realizing  the 
narrow  beam  patterns  that  would  probably  be  neces¬ 
sary  in  such  applications.  To  this  end  the  use  of  pat¬ 
terns  preformed  with  multiple  lag  lines,  as  described 
in  an  earlier  portion  of  this  section,  might  be  de¬ 
sirable. 


103  5  Listening  Channel 

At  an  early  stage  of  its  development,  when  ER 
scanning  sonar  operated  at  speeds  of  only  30  or  60 
rps,  the  corresponding  pulse  length  of  15  to  20  milli¬ 
seconds  was  considered  long  enough  to  give  useful 
audible  information.  The  value  of  a  separate  listen¬ 
ing  channel  in  CR  sonar  was  just  beginning  to  be  ap¬ 
preciated,  and  some  preliminary  proposals  were  made 
to  provide  a  listening  channel  for  the  ER  system. 
However,  with  the  system  operating  at  speeds  of  200 
rps  and  greater,  the  extreme  shortness  of  the  pulse 
seemed  to  preclude  listening  and  no  further  work 
was  done  on  this  type  of  channel.  This  was  unfor¬ 
tunate,  since  operating  experience  with  the  ER  sub¬ 
marine  sonar  up  to  the  time  of  this  writing  indicates 
that,  despite  the  short  pulse  length,  a  trainable  listen¬ 
ing  channel  would  be  of  sufficient  value  to  justify  its 
inclusion  in  the  system.  While  the  echo  quality  is  ad¬ 
mittedly  poor  with  such  a  short  pulse  and  doppler 
discrimination  is  low,  the  ability  to  get  some  measure 
of  additional  information  by  ear  to  help  the  eye  inter¬ 
pret  what  is  seen  on  the  PPI  seems  valuable.  In  fact, 
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on  the  basis  of  this  experience  even  a  nondirectional 
listening  system  would  seem  to  have  some  merit. 

A  listening  channel  for  an  ER  scanning  sonar 
could  use  either  CR  or  ER  principles.  If  CR,  it  would 
be  just  like  that  described  in  Chapter  5,  unless  the 
cruder  conductive  commutation  mentioned  in  Chap¬ 
ter  1  were  thought  desirable.  If  ER,  it  wmdd  be  like 
the  scanning  channel,  but  operating  statically  rather 
than  dynamically.  Figure  19  shows  a  proposed  ar¬ 
rangement  using  a  single  lead  line.  The  electronic 
switches,  instead  of  being  controlled  by  connection  to 
points  on  a  switching  line  down  which  a  pulse  is 
traveling,  arc  connected  to  points  on  a  ring  poten¬ 
tiometer.  By  means  of  the  battery  and  the  contacts 
on  the  hand-trained  contact  assembly,  a  static  d-c  po¬ 
tential  distribution  is  developed  which  is  equivalent 
to  the  active  portion  of  the  scanning  switching  pulse. 
A  receiving  beam  pattern  is  thus  formed  in  a  direc¬ 
tion  determined  by  the  setting  of  the  contact  assem¬ 
bly. 

It  is  likely  that  training  cotdd  be  accomplished 
most  conveniently  through  a  servo  system,  so  that 
this  equipment  cotdd  be  located  remote  from  the 
operator  position  (although  preferably  external  to 
the  transducer).  If  the  switches  were  of  a  type  that 
presented  negligible  load  to  the  lead  line,  and  if  suit¬ 
able  isolation  of  switching  control  potentials  were 
provided,  both  scanning  and  listening  switching 
could  be  connected  to  the  same  lead  line  without 
mutual  interference. 


i°4  CIRCUIT  IMPROVEMENTS 
104-1  Introduction 

Operating  experience  with  the  various  scanning 
sonar  systems,  and  the  background  of  experience  with 
searchlight  sonar,  indicate  several  lines  of  further  cir¬ 
cuit  development  that  should  be  investigated  further: 

1.  Increasing  transmitted  power. 

2.  Increasing  receiving  sensitivity,  especially  for 
desired  echoes,  and  increasing  the  ratio  of  desired 
signal  to  reverberation  and  to  noise. 

3.  Increasing  the  ease  of  operation. 

4.  Increasing  reliability  and  ease  of  checking  and 
maintenance. 

The  last  is  a  general  aim  and  is  mentioned  here  to 
emphasize  the  great  importance  which  considerations 
of  reliability  must  always  be  given. 


\oa.2  Increasing  Transmitted  Power 

The  problem  of  high-powered  transmitter  design 
is  important  because  of  the  large  transmitting  power 
necessary  to  obtain  a  given  intensity  of  sound  at  all 
distant  targets  around  the  horizon.  Early  solutions 
employed  standard  transmitter  design,  using  larger 
tubes  and  components  to  obtain  the  power,  leading 
to  massive  equipment.  For  the  purpose  of  echo  rang¬ 
ing,  in  which  the  pulse  length  is  short  compared  to 
the  interval  between  pulses,  it  is  obviously  unneces¬ 
sary  to  provide  a  transmitter  capable  of  continuously 
supplying  the  required  peak  powers.  Pulse-type  trans¬ 
mitters  were  developed  that  relied  on  a  large  capaci¬ 
tor  to  store  energy  during  the  interval  between  pulses 
and  release  it  at  the  time  of  the  pulse.  This  capacitor 
storage  system  has  proved  adequate  for  short  pulse 
operation  in  spite  of  the  fact  that  the  actual  amount 
of  energy  withdrawn  from  the  capacitor  on  each  pulse 
is  only  a  small  portion  of  the  total  available.  For  long 
pulses,  the  shape  of  the  capacitor  discharge  curve 
produced  a  distorted  pulse,  so  that  the  power  at  the 
end  of  the  pulse  was  appreciably  less  than  at  its  be¬ 
ginning.  Hence  for  the  longer  pulse  lengths,  to  avoid 
using  excessively  large  capacitors  to  obtain  a  suitable 
pulse  shape,  a  simple  type  of  filter  arrangement  was 
incorporated  in  some  of  the  transmitters. 

As  a  result  of  developments  in  the  radar  field,  the 
design  of  pulsc-linc-type  power  supplies  has  been  in¬ 
vestigated.  (Sec  Chapter  9  for  discussion  of  design  fac¬ 
tors.)  These  supplies  are  of  such  nature  as  to  yield,  in 
the  form  of  a  single  flat-topped  pulse,  all  of  the  power 
stored  in  a  set  of  capacitors. 

If  a  pulse  with  sharp  corners  is  required,  the  line 
must  be  designed  to  have  linear  phase-shift  character¬ 
istics  as  a  function  of  frequency  and  to  have  a  high 
cutoff  frequency.  This  required  some  departure  from 
the  simple  type  of  low-pass  filter.  For  many  applica¬ 
tions  it  is  undesirable  to  have  the  corners  of  the  pulse 
sharp,  so  that  a  simple  low-pass  filter  design  with  the 
cutoff  frequency  at  approximately  three  times  the 
reciprocal  of  the  pulse  length  is  more  desirable. 

The  energy  available  is  in  the  form  of  a  d-c  pulse, 
and  some  method  of  converting  it  to  the  required 
ultrasonic  frequency  must  be  provided.  If  radar-type 
pulse  modulators  arc  used,  the  pulse  may  be  applied 
directly  to  the  output-tube  plates  and  the  output 
pulse  initiated  by  suitable  change  in  grid  bias.  If 
voltages  other  than  those  resulting  from  a  readily 
available  pulse  line  are  desired,  the  pulse  transformer 
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technique  may  be  employed.  The  transformer  size  is 
quite  reasonable  for  3-millisecond  pulses  (see  Chap¬ 
ter  7).  It  appears  that  the  pulse  transformer  volume 
is  dependent  primarily  upon  the  pulse  length  and 
nearly  independent  of  the  power  rating,  but  further 
investigation  of  this  method  should  be  made.  Recent 
suggestions  have  been  made  concerning  the  use  of 
thyratrons,  particularly  of  the  hydrogen-filled  vari¬ 
ety,  for  converting  d-c  power  into  power  at  ultrasonic 
frequencies.  Such  a  procedure  may  require  the  use  of 
step-down  pulse  transformers,  since  in  general  these 
tubes  have  low  impedance  and  are,  therefore,  low- 
voltage  devices.  An  additional  advantage  resulting 
from  the  use  of  transformers  is  that  all  plate,  screen, 
and  grid  voltages  may  be  supplied  simultaneously 
from  a  single  pulse  line  by  the  use  of  taps  on  the 
transformer.11 

One  of  the  principal  difficulties  in  designing  trans¬ 
mitters  is  the  absence  of  information  on  the  behavior 
of  available  radar-type  tubes  under  the  longer  pulse 
conditions  required  in  sonar  work. 

Without  doubt  the  present  trend  is  toward  higher 
and  higher  powers,  and  this  introduces  many  prob¬ 
lems  that  concern  the  associated  equipment.  Output 
transformers,  send-receive  networks,  cables  and  trans¬ 
ducers  which  are  adequate  for  powers  of  less  than  1 
kw,  are  obviously  inadequate  in  the  5-  to  20-kw  range 
now  employed  in  scanning  sonar  and  would  have  to 
be  completely  redesigned  for  use  at  the  proposed  100- 
kw  power  levels.  While  the  desirability  of  extremely 
high-power  pulsing  appears  to  be  beyond  question,  it 
must  be  remembered  also  that  the  designer  is  attempt¬ 
ing  to  compress  a  complete  transmitter  into  spaces 
available  on  submarines  and  small  surface  ships.  Full 
advantage  must  be  taken,  therefore,  of  the  latest  de¬ 
velopments  and  improvements  in  components,  while 
at  the  same  time  adequate  safety  factors  must  be 
zealously  maintained  to  promote  service  reliability. 

to.4.3  Increasing  Receiver  Sensitivity  to 
Desired  Signals 

Designing  a  receiver  with  enough  gain  to  give  an 
indication  of  a  very  weak  signal  poses  no  unusual 
problems.  However,  the  design  problems  involved  in 
getting  the  best  possible  ratio  of  desired  to  undesired 
signal  are  much  more  difficult  to  solve.  The  charac¬ 
teristics  of  the  desired  signals  (echoes  and  target 
noise)  and  of  the  undesired  signals  (reverberation, 


water  noise,  and  electric  noise)  have  been  discussed  in 
Chapter  3. 

Reduction  of  electric  noise  originating  within  the 
system  itself  has  long  been  a  problem  in  electronic 
work  and  the  techniques  for  its  solution  are  well  un¬ 
derstood.  It  is  quite  possible  to  design  a  receiving  sys¬ 
tem  whose  residual  noise  level  is  determined  by  ther¬ 
mal  noise  in  the  input  circuit.  Reduction  of  water 
noise  is  accomplished  by  improving  dome  design,  by 
improving  the  receiving  directivity  (with  limitations 
imposed  by  operating  considerations)  and  by  reduc¬ 
ing  the  band  width  of  the  receiving  system.  In  the 
latter  case  advantage  is  taken  of  the  fact  that  water 
noise  is  fairly  evenly  distributed  in  frequency,  and 
that  the  amount  passing  through  the  receiver  is  di¬ 
rectly  determined  by  the  width  of  the  pass  band. 
(This  assumes  that  any  nonlinearity  before  the  pass- 
band  determination  is  sufficiently  low  so  that  appre¬ 
ciable  cross-modulation  does  not  occur.) 

However,  the  pass  band  must  be  wide  enough  to 
pass  the  echo  pulse  without  serious  distortion,  and  it 
must  also  be  wide  enough  to  accommodate  frequency 
changes  caused  by  the  doppler  which  results  from  the 
motion  of  own  ship  and  target  relative  to  the  water. 
Which  of  these  two  limitations  is  the  controlling  one 
depends  upon  the  characteristics  of  the  system  and  its 
use.  The  pulse  limitation  usually  controls  in  a  high 
rotation  speed  ER  sonar,  while  the  doppler  limita¬ 
tion  is  usually  the  controlling  factor  in  the  30-rps  CR 
scanning  sonar. 

Since  the  target  may  move  at  any  speed  within  cer¬ 
tain  limits,  there  is  no  way  to  avoid  making  the  pass 
band  wide  enough  to  accommodate  target  dopplers. 
Compensation  may  be  made  for  own  doppler  by 
own-doppler  nullification  [ODN],  permitting  re¬ 
striction  of  the  pass  band,  with  consequent  improve¬ 
ment  in  signal-to-water-noise  ratio.12  Because  of  the 
pulse  requirement,  less  improvement  is  possible  in 
the  scanning  than  in  the  listening  channel  by  use  of 
ODN.  In  the  latter  case,  ODN  is  further  advanta¬ 
geous  in  making  operation  easier.13  It  is  also  required 
in  the  operation  of  certain  techniques  whereby  ad¬ 
vantage  is  taken  of  target  doppler  to  enhance  the 
echo  signal  with  respect  to  reverberation.13  Consider¬ 
able  experience  has  been  accumulated  on  ODN 
methods  as  applied  to  searchlight-type  sonar13  and 
some  suggestions  for  its  application  to  scanning  sonar 
are  given  later  in  this  chapter. 

Since  the  level  of  the  echo  signal  increases  as  the 
range  decreases  (see  Chapter  3)  the  gain  of  the  re- 
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ccivcr  must  be  appropriately  ad  justed  with  time  after 
the  ping  is  emitted.  Reverberation  is  unpredictable, 
especially  when  bottom  reflections  are  obtained,  so 
that  the  maximum  probability  of  distinguishing  tar¬ 
get  echo  signal  from  reverberation  is  obtained  by  ad¬ 
justing  the  gain  of  the  receiver  in  such  a  way  that  the 
reverberation  signal  is  at  every  instant  close  to  the 
threshold  of  indication.  A  target  signal  is  then  most 
likely  to  be  detected.  After  reverberation  falls  below 
water  noise,  the  gain  must  remain  constant.  Obvious¬ 
ly,  such  complex  gain  variations  must  be  handled 
automatically,  and  the  time-varied  gain  [TVG]  and 
reverberation-controlled  gain  [RCG]  circuits  were 
developed  to  perform  this  function  in  searchlight- 
type  sonar  systems.14-  IS  Similar  circuits  may  be  ap¬ 
plied  to  the  listening  channel  of  a  scanning  sonar.  In 
the  case  of  the  scanning  channel,  however,  the  prob¬ 
lem  is  complicated  by  the  rapidly  varying  conditions 
which  the  receiving  beam  encounters  while  in  process 
of  scanning.  Reverberation  may  not  be  the  same  on 
all  bearings;  bottom  echoes  may  be  received  in  depth 
scanning;  and  considerable  noise  from  own-ship’s 
propellers  may  be  picked  up  from  the  aft  direction. 
What  is  really  needed  is  a  method  of  gain  control  that 
anticipates  the  level  to  be  received  and  adjusts  the 
gain  of  the  scanning  receiver  continuously  to  keep 
background  noise  at  threshold. 

Own-Doppler  Ni'i.lifikr  Improvements 

The  doppler  shift  A /  caused  by  own-ship’s  motion 
is  given  by  (see  Chapter  3) 

A/  —  2~  •  S’o  •  cos  Br,  (3) 

where  /  =  transmitted  frequency, 

c.  —  velocity  of  sound  in  water, 

.S'„  =  speed  of  own  ship, 

Br  =  bearing  (relative)  of  the  center 
of  the  beam. 

In  a  searchlight-type  sonar,  compensation  at  a  par¬ 
ticular  bearing  may  be  introduced  either  in  trans¬ 
mission  or  in  reception  with  equally  satisfactory  re¬ 
sults.  In  a  scanning  sonar,  introduction  of  such  ODN 
compensation  at  the  transmitter  results  in  desensitiz¬ 


ing  the  scanning  receiver  at  bearings  removed  from 
that  chosen  for  /{,  in  equation  (3).  It  is,  therefore,  nec¬ 
essary  to  introduce  ODN  compensation  in  reception; 
for  example,  by  changing  the  frequency  of  the  hetero¬ 
dyne  oscillator  in  the  receivers.  If  this  oscillator  is 
also  involved  in  a  unicontrol  circuit,  the  ODN  com¬ 
pensation  must  be  removed  during  the  transmitting 
interval. 

In  a  scanning  channel,  Br  in  equation  (3)  is  a  time 
function,  so  that 

A/  =  “r  •  S0  ■  cos  (2-.Y  t),  (4) 

N  being  the  number  of  revolutions  per  second  of  the 
scanning  beam,  and  time  I  being  measured  from  the 
instant  when  the  scanning  beam  is  dead  ahead.  Ob¬ 
taining  ODN  in  the  scanning  channel,  therefore,  re¬ 
quires  a  sinusoidally  varying  compensation  that  is 
synchronous  with  the  rotation  of  the  scanning  beam. 

There  arc  two  general  types  of  own-dopplcr  nulli¬ 
fication:  reverberation-controlled  and  compuled- 
correctiond :i  The  reverberation-controlled  type  func¬ 
tions  by  measuring  the  average  reverberation  fre¬ 
quency  and  automatically  adjusting  a  heterodyne  os¬ 
cillator  to  bring  this  reverberation  frequency  to  a 
standard  value.  It  has  been  used  in  searchlight-type 
sonar  systems  and  in  the  listening  channel  of  scanning 
equipments,  and  has  been  reasonably  satisfactory 
when  rapid  bearing  changes  are  not  required.  In  gen¬ 
eral,  it  is  smaller  and  less  expensive  than  a  computcd- 
correction  type,  but  is  more  subject  to  errors  due  to 
roll  velocity  and  water  noise.  This  is  particularly  true 
when  water  noise  has  a  higher  level  than  early  rever¬ 
beration,  as  may  be  the  case  at  high  ship  speeds  in 
deep  water. 

The  computed-correction  type  performs  the  opera¬ 
tions  indicated  in  equation  (3)  or  (4).  It  obtains  .S'„ 
from  the  pitometer  log  and  B,.  from  the  sonar  gear, 
and  applies  the  result  of  the  computation  in  the  form 
of  a  frequency  correction.  It  is  more  complex  than 
the  reverberation-controlled  type,  and  has  the  disad¬ 
vantage  that  it  must  be  connected  to  a  pitometer  log; 
this  is  not  serious,  however,  since  a  pitometer  log  is 
always  installed  in  ships  having  fire-control  equip¬ 
ment.  It  has  the  advantages  of  being  independent  of 
the  nature  of  reverberation,  or  water  noise,  and  of 
using  components  similar  to  those  used  in  fire-control 
computers. 

Although  the  above  discussion  has  been  limited  to 
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azimuthal  angles,  it  is  obvious  that  the  expression  for 
any  direction  is: 

A  /  =  —  •  S0  ■  cos  Br  •  cos  E,  (5) 

where  E  is  the  depth  (negative  elevation)  angle.  In 
depth-scanning  sonar  equation  (4)  becomes: 

A/  =  ^  •  S0  •  cos  Br  •  cos  (27 tN  t).  (6) 

The  result  of  the  computation  to  change  the  fre¬ 
quency  of  an  oscillator  may  be  applied  by  mechani¬ 
cally  changing  the  inductance  or  capacitance  in  the 
frequency-determining  circuit,  or  by  electronic  con¬ 
trol  with  a  reactance-tube  circuit.  Mechanical  con¬ 
trol  is,  in  general,  more  stable  and  reliable,  and  for 
this  reason  is  preferable  for  the  listening  channel, 
even  though  its  use  may  require  inclusion  of  a  servo. 
Electronic  control  is,  at  the  present  writing,  less 
stable,  but  has  the  great  advantage  of  allowing  rapid 
frequency  changes  and  is  accordingly  desirable  for 
the  scanning  channel. 

The  computation  indicated  in  the  above  equations 
involves  deriving  a  cosine  from  an  angle  and  taking 
products,  and  includes  the  introduction  of  a  suitable 
factor  of  proportionality.  These  are  processes  com¬ 
mon  in  fire-control  computers,  and  may  be  done 
mechanically  or  electrically.  Figure  20  shows  a  me¬ 
chanical  method  using  standard  fire-control  resolvers, 
the  schematic  nomenclature  being  that  used  in  fire- 
control  drawings.16  Figure  21  shows  an  electrical 
method  adapted  to  the  requirements  of  the  inte¬ 


grated  Type  B  sonar  (see  Chapter  6).  In  this  case  the 
derivation  of  the  cosine  function  is  performed  by 
electric  resolvers,  which  may  be  standard  synchros. 

Figure  21  also  illustrates  a  practical  arrangement 
for  applying  ODN  to  both  listening  and  scanning 
channels.  A  voltage  proportional  to  ship’s  speed  is 
obtained  from  the  pitometer  log.  This  voltage  is 
properly  combined  with  relative  bearing  and  depth 
angle  in  resolvers,  and  the  resultant  output  is  used  to 
position  a  condenser  controlling  the  heterodyne  oscil¬ 
lator  frequency,  through  a  null-balance  servo.  Since 
the  percentage  variation  in  frequency  is  small,  par¬ 
ticularly  in  the  heterodyne  oscillator,  the  variable 
capacitor  may  have  a  straight-line  capacitance  char- 


FOR  LISTENING  CHANNEL 


\<b  GENERATOR 

DRIVEN  FROM  SCANNING  COMMUTATOR 


Figure  21.  Computed-correction  ODN  with  servoed  ca¬ 
pacitor,  frequency  control  in  listening  channel. 
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Figure  22.  Compiitcd-corrcciion  ODN  with  rcactancc- 

tul)C  frequency  control  in  both  channels. 

acteristic.  Although  the  corrections  arc  strictly  accu¬ 
rate  at  one  operating  frequency  only,  the  errors  over 
the  operating  band  can  easily  be  kept  acceptably 
small  by  proper  choice  of  oscillator  constants. 

Operation  of  the  scanning-channel  ODN  is  similar 
to  the  above.  Direct-current  excitation  for  an  a-c 
generator  mounted  on  the  scanning  commutator  is 
furnished  by  rectification  of  the  Sn  voltage  derived 
from  the  pitometer  log.  The  output  voltage  of  this 
generator  is,  therefore,  proportional  to  .S'„cos  (2irN  l) 
as  required  by  equation  (4),  and  is  applied  to  a  react¬ 
ance-tube  circuit  which  controls  the  frequency  of  the 
scanning-channel  heterodyne  oscillator  in  the  proper 
manner.  This  is  not  a  null  method,  and  the  magni¬ 
tude  of  the  correction,  therefore,  is  dependent  upon 
the  line  voltage  and  line  frequency.  As  in  the  listen¬ 
ing  channel,  tuning  errors  can  be  kept  small  by  the 
proper  choice  of  oscillator  constants. 

It  is  recognized  that  in  the  arrangement  shown  in 
Figure  21  the  primary  emphasis  is  on  obtaining  sta¬ 
bility  in  the  listening  channel  whose  pass  band  is 
narrower  than  that  of  the  scanning  channel.  If  errors 
due  to  potential  instability  of  reactance-tube  circuits 
are  not  considered  excessive,  the  capacitor  servo  of 
Figure  21  may  be  eliminated.  A  proposed  arrange¬ 
ment  for  doing  this  is  shown  in  Figure  22,  using  the 
same  system  for  the  scanning  channel  as  described 
above.  At  the  instant  when  the  scanning  beam  has 
the  same  bearing  as  the  listening  beam,  the  ODN 
voltage  for  the  scanning  channel  is  that  needed  to 
control  the  reactance-tube  circuit,  which  in  turn  con¬ 


trols  the  frequency  of  the  listening-channel  hetero¬ 
dyne  oscillator.  A  gating  circuit  opens  just  at  this  in¬ 
stant  and  charges  a  holding  capacitor  which  accom¬ 
plishes  this  control.  Proper  timing  of  the  gating  cir¬ 
cuit  is  insured  by  controlling  it  from  the  output  of  a 
phase-shifting  transformer  mounted  on  the  listen¬ 
ing  commutator.  This  receives  3-phase  excitation 
from  the  generator  on  the  scanning  commutator.  A 
similar  arrangement  could  be  worked  out  for  a 
depth-scanning  system. 

,0-4-4  Increasing  Ease  of  Operation 

The  primary  function  of  the  sonar  operator  is  to 
recognize  and  identify  target  echoes  or  noise  on  the 
indicator  and,  once  sonar  contact  has  been  made,  to 
maintain  contact  and  determine  the  bearing  and 
range  of  the  target.  The  problem  of  facilitating  the 
performance  of  these  duties  is  primarily  one  of  indi¬ 
cator  design,  as  explained  in  Chapter  2  and  later  in 
this  chapter.  It  is  clear  that  there  should  be  a  mini¬ 
mum  of  duties  such  as  gain  control  and  tuning  re¬ 
quired  of  the  sonar  operator.  Gain  control  which  is 
determined  automatically  by  the  background  level 
has  already  been  mentioned,  but  the  operator  must 
be  permitted  some  additional  degree  of  control  to 
take  care  of  variations  in  ambient  conditions  and  per¬ 
sonal  abilities. 

With  sharply  tuned  projectors,  tuning  is  of  consid¬ 
erable  concern  to  the  operator,  but  with  the  broadly 
resonant  transducers  now  in  fairly  common  use  and 
with  improvements  in  circuit  stability  this  is  not  now 
the  case.  No  tuning  should  ever  be  necessary  except 
to  reduce  interference  from  other-ships’  gear  by 
changing  the  operating  frequency.  To  facilitate  this 
operation,  unicontrol  arrangements  are  desirable; 
typical  circuits  for  this  are  described  in  Chapters  5 
and  6.  Whether  or  not  the  price  paid  for  the  unicon¬ 
trol  feature,  in  terms  of  increased  complexity,  is  justi¬ 
fied  depends  upon  how  often  the  operating  frequency 
has  to  be  changed. 

Bearing  deviation  indicators,  of  the  types  now  in 
service,  require  frequent  attention  by  the  sonar  oper¬ 
ator  to  make  certain  that  tuning  and  balance  remain 
correct.  Circuit  improvements  to  increase  stability 
arc  obviously  necessary.17  Steps  already  taken  in  this 
direction  arc  described  in  Chapter  6. 

With  the  present  trend  toward  placing  only  the 
indicators  and  operating  controls  in  the  sonar  hut, 
new  requirements  are  placed  on  circuit  design  to  per- 
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Figure  23.  Anticipating  gain  control. 


mit  remote  control  of  gain  and  tuning.  Remote  gain 
control,  operating  simultaneously  on  scanning,  listen¬ 
ing,  and  BDI  receivers,  is  a  problem  of  some  magni¬ 
tude.  A  possible  but  not  entirely  satisfactory  solution 
is  described  in  Chapter  6.  Remote  tuning  control,  if 
required,  poses  further  problems.  Servo  motors  might 
be  used,  or  master  oscillators  could  be  located  in  the 
sonar  hut;  both  introduce  undesirable  additional 
complexity  which  must  be  justified  in  terms  of  in¬ 
creased  operating  efficiency. 

10.4.5  Anticipating  Gain  Control 

As  pointed  out  previously,  the  fluctuating  nature 
of  the  reverberation  and  noise  background  picked  up 
by  the  scanning  beam  makes  an  anticipating  gain 
control  necessary  if  maximum  target  echo  recogni¬ 
tion  is  to  be  achieved.  Two  proposed  arrangements 
for  providing  such  control  are  shown  in  Figure  23. 
In  A,  two  receiving  beams  are  formed  simultane¬ 
ously,  one  leading  the  other  in  rotation  by  a  small 
angle.  Such  simultaneous  beam  formation  has  been 
mentioned  in  Chapter  2  and  is  further  described  in 
Chapter  5.  The  leading  beam  is  used  to  control  the 
gain  of  the  receiver  connected  to  the  lagging  beam. 
The  same  result  may  be  obtained  by  the  arrangement 
marked  B  with  the  advantage  that  only  a  single 
beam  need  be  formed  by  the  commutator.  In  effect, 
the  signal  is  delayed  until  the  gain  of  the  receiver  can 
be  adjusted  to  accommodate  it  properly.  It  is  clear 


that  in  both  of  these  arrangements  the  envelope  re¬ 
sponse  of  the  rectifier  and  gain  control  circuits  must 
be  adjusted  to  give  optimum  averaging.  Such  arrange¬ 
ments  rriay  be  of  definite  value  in  increasing  weak 
echo  recognition,  and  also  in  reducing  the  defocusing 
and  broad  indication  phenomena  observed  with  un¬ 
usually  strong  echoes. 

Synchronous  or  Sector-Selective  Gain  Control 

In  certain  applications  of  scanning  sonar  it  might 
be  of  advantage  to  control  synchronously  the  gain  of 
the  receiver  as  a  function  of  the  instantaneous  posi¬ 
tion  of  the  scanning  beam.  For  example,  in  depth¬ 
scanning  sonar,  it  might  be  desirable  to  reduce  the 
gain  as  the  depression  angle  increases.  Since  the  level 
of  the  target  echo  increases  at  the  shorter  ranges  nec¬ 
essarily  associated  with  the  greater  depression  angles, 
the  level  of  indication  would  tend  to  remain  con¬ 
stant,  and  difficulties  in  handling  bottom  reflections 
might  be  reduced. 

It  might  also  prove  desirable  to  vary  the  gain  of  the 
system  in  such  a  manner  as  to  suppress  signals  in  un¬ 
desired  sectors  or  to  enhance  signals  in  some  desired 
sector.  This  could  be  done  by  an  automatic  control 
whose  operation  depended  upon  the  position  of  the 
cursor.  It  might,  for  example,  increase  the  sensitivity 
of  the  system  throughout  the  sector  of  which  the  cur¬ 
sor  line  is  the  center.  Such  an  arrangement  might 
produce  more  favorable  echo  indications,  but  its 
greatest  advantage  would  probably  be  in  aiding  the 
operator  to  concentrate  his  attention  on  the  active 
sector.  Techniques  for  synchronous  gain  control  have 
not  been  developed,  but  would  presumably  be  based 
on  the  principles  and  methods  described  under 
“Own-Doppler  Nullifier  Improvements.” 

ws  INDICATORS 

The  development  of  indicators,  up  to  the  time  of 
this  writing,  seems  to  have  been  along  two  lines:  first, 
toward  methods  and  devices  for  providing  a  more 
complete  picture  of  the  tactical  situation  for  the  bene¬ 
fit  of  the  conning  officer,  as  well  as  for  easing  the  du¬ 
ties  of  the  sonar  operator;  and  second,  toward  indi¬ 
cators  whose  primary  function  is  to  permit  the  trans¬ 
mission  of  data  (after  incorporating  the  judgment  of 
the  operator)  to  attack  directors.  The  first  category 
includes  the  PPI  indicators  on  the  simple  QH-type 
scanning  systems,  the  mechanical  geographical  attack 
plotter  [MGAP],18  and  the  modification  of  ASAP 
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for  XQHA.19  Into  the  second  category  fall  the  indi¬ 
cators  on  AD-32"  and  those  on  the  integrated  Type  B 
sonar  (see  Chapter  fi). 

The  trend  of  indicators  at  present  (1945)  is  to  pro¬ 
vide  the  operator  not  only  with  a  picture  of  the  situa¬ 
tion,  but  also  with  aided  tracking  through  connec¬ 
tion  with  the  fire-control  computer,  so  that  his  duty 
is  limited  to  the  insertion  of  small  corrections.  Future 
development  of  automatic  target  training  [ATT]-1 
may  also  contribute  to  this  end. 

On  the  listening  portion  of  the  scanning  sonar  an 
additional  indicator  of  the  BDI  type  does  not  in  it¬ 
self  give  any  additional  information.  It  simply  pro¬ 
vides  an  indication  of  the  training  accuracy  of  the 
listening  channel.  However,  indicators  of  the  sector- 
scan  indicator  [SSI]  variety,  which  have  proportional 
deflection  characteristics,  may  provide  some  addition¬ 
al  information,  since  the  magnitude  of  the  required 
correction,  as  well  as  its  direction,  is  available  from 
such  an  indicator.  The  use  of  SSI  would  thus  be  an¬ 
other  step  toward  providing  the  sound  operator  with 
a  picture  of  the  target  area,  since  this  indicator  shows 
a  plot  of  a  sector  of  the  horizontal  plane. 

Even  though  at  some  future  date  the  entire  con¬ 
ning  of  the  antisubmarine  attack  may  be  handled  by 
a  computer,  there  will  probably  still  be  a  period  dur¬ 
ing  which  it  is  desirable  to  plot  relative  motions  of 
the  attacking  ship  and  target.  It  has  been  suggested 
that  this  plotting  function  may  be  facilitated  by  the 
use  of  the  Skyatron.22  The  replacement  of  the  stand¬ 
ard  cathode-ray  tube  by  such  a  device  permits  large- 
scale,  very  long-persistence  projection  on  standard 
plotting  sheets  or  charts,  rather  than  smaller  and  less 
permanent  type  of  plotting  on  the  face  of  a  tube  as  is 
now  done  in  the  ASAP.  If  the  plotting  is  performed 
by  a  separate  plotting  device,  means  of  transmitting 
the  information  to  this  device  are  required  at  the  in¬ 
dicator.  In  addition,  the  plot  itself  probably  will  not 
be  sufficiently  accurate  for  the  attack,  so  that  some 
means  of  obtaining  numerical  values  for  target  range 
and  bearing  must  be  provided.  Mechanical  counters 
could  be  used  in  each  of  which  the  operator  would 
read  a  single  number  as  it  appears  in  a  small  aperture. 

As  a  general  alternative  to  the  present  method  of 
reading  the  position  of  a  spot  with  respect  to  the 
center  of  a  CRO  tube  or  to  the  end  of  a  scale,  it  has 
been  suggested  that  the  operator  be  provided  with  a 
control  which  would  return  the  spot  to  an  index  so 
that  the  numerical  value  corresponding  to  the  posi¬ 
tion  of  the  target  could  be  read  from  a  dial  operated 


by  the  control.  This  proposal  is  in  accord  with  the 
present  practice  of  pointer-matching  fire-control 
work. 

If  the  display  is  to  be  plotted,  it  is  not  always  advan¬ 
tageous  to  make  a  polar  plot.  For  some  purposes 
(depth  scanning,  for  example)  the  range  of  values 
varies  so  much  in  different  directions  that  the  plot  is 
better  made  with  correspondingly  different  scales. 
This  requires  noncircular  scanning.  Likewise,  since 
the  accuracy  required  in  the  later  stages  of  an  attack 
is  much  greater  than  during  the  search  or  the  ap¬ 
proach,  a  logarithmic  or  otherwise  nonlinear  range 
scale  on  a  polar  plot,  while  greatly  distorting  the 
mapping,  might  make  more  efficient  use  of  the  avail¬ 
able  plotting  space. 

It  has  been  suggested  that  additional  information, 
particularly  that  concerned  with  dopplcr,  might  be 
presented  on  the  PPI-tvpe  indicators  by  the  utiliza¬ 
tion  of  color-television  techniques  in  which  the  color 
of  the  indication  is  a  function  of  dopplcr. 

The  ultimate  in  simplicity  of  operation,  perhaps, 
would  be  a  system  in  which  a  spot  would  appear  on  a 
scope  screen  and  the  only  operator  job  would  be  to 
manipulate  a  single  control  so  that  the  spot  is  kept 
between  two  lines.  With  improvements  in  sonar  per¬ 
formance  it  may  no  longer  be  necessary  for  the  oper¬ 
ator  to  have  in  mind  the  tactical  situation;  in  fact,  it 
may  even  be  preferable  for  him  not  to  know  the  situa¬ 
tion.  During  the  brief  and  tense  moments  of  an  attack 
it  is  desirable  that  all  necessary  operations  by  the  so¬ 
nar  operator  be  so  simple  that  they  arc  almost  mecha¬ 
nical  reflexes,  with  the  machinery  performing  the 
complicated  functions. 

As  an  illustration,  one  proposal  is  described  here 
w’hich  has  several  features  of  considerable  merit.  It 
follows  radar  practice  rather  closely,  with  the  neces¬ 
sary  allowances  for  the  physical  limitations  of  sonar. 
Figure  24  shows  a  sketch  of  the  basic  arrangement 
which  has  three  cathode-ray  tube  indicators  and  func¬ 
tions  as  follows: 

The  PPI  scope  is  of  the  usual  form  which  presents 
a  map  of  all  targets  in  terms  of  azimuth  angle  with 
respect  to  the  ship.  This  is  used  for  general  search 
procedure.  Once  a  target  is  discovered,  the  operator 
stationed  at  this  indicator  sets  a  cursor  upon  the  tar¬ 
get  and  two  listening  channels  (azimuth  and  depth) 
are  thereby  trained  to  the  target  bearing.  The  opera¬ 
tor  then  makes  a  rough  estimate  of  range,  which  he 
either  calls  to  the  operator  of  the  A  scope  or  sets  on  a 
range  dial. 
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PPI  SCOPE  A  SCOPE  C  SCOPE 

SCANNING  RANGE  DEPTH  vs.  BEARING 


© 

© 

RANGE  DIAL 

CURSOR  CONTROL 

RANGE  CONTROL 

PUSH  BUTTON 

( ROUGH) 

(  TRAINI NG ) 

(  FINE  ) 

(TRAINING 

CORRECTION) 

"JOY  stick" 

(DIFFERENTIAL  TRAINING 
C  ONTROL) 

Figure  24.  Suggested  indicator  system  for  advanced  integrated  sonar. 


The  A  scope  gives  range  only.  A  horizontal  (or  ver¬ 
tical)  sweep  is  amplitude-deflected  by  the  incoming- 
signals.  The  sweep  is  so  arranged  that  it  shows  only 
an  expanded  band  of  range  values  centered  at  the 
estimated  target  range.  Thus,  for  an  estimated  target 
range  of  2,000  yards  the  expanded  sweep  might  cover 
the  range  band  from  1,900  to  2,100  yards.  The  A 
scope  operator,  by  means  of  a  control  knob,  keeps  the 
target  indication  centered  between  a  pair  of  lines 
marked  on  the  scope.  This  automatically  feeds  target 
range  into  the  fire-control  calculating  gear.  Range 
indications  would  be  given  on  a  counter. 

After  the  above  operations  are  performed  by  the 
operators  of  the  PPI  and  A  scopes,  indications  start 
to  appear  upon  the  C  scope.  The  C  scope  is  arranged 
to  plot  target  depth  against  target  bearings,  and  a 
spot  appears  continuously  upon  the  scope,  represent¬ 
ing  the  deviation  in  azimuth  and  depth  of  the  last 
received  echo.  This  deviation  of  the  spot  is  caused  by 
the  dual  action  of  the  azimuth  and  depth  BDI,  both 
of  which  are  of  the  proportional  type.  A  special  nar¬ 
row  range  gate,  operating  from  the  information  de¬ 
rived  from  the  A  scope,  allows  only  the  target  echo  to 
act  on  the  BDI  circuits.  The  deflection  voltages  de¬ 
veloped  charge  horizontal  and  vertical  deflection  cir¬ 
cuits  that  hold  the  indication  until  receipt  of  the  next 
echo  (next  gating  period).  This  gives  a  continuous  in¬ 


dication  on  the  C  scope.  During  the  time  between 
echoes,  the  push  button  on  the  C  scope  can  be  de¬ 
pressed  and  the  “joy  stick”  training  control  manipu¬ 
lated,  causing  slewing  of  the  depth  and  azimuth 
training.  The  direction  and  speed  of  the  training  of 
the  two  systems  is  controlled  by  the  direction  and 
amount  of  deflection  of  the  joy  stick  (as  in  turret  con¬ 
trol).  As  the  training  proceeds,  bias  voltages  propor¬ 
tional  to  the  amount  of  train  are  fed  back  and  added 
to  the  deflection  voltages  already  present,  causing  the 
spot  to  approach  the  center.  After  the  spot  has  been 
centered,  the  push  button  is  released,  whereupon  the 
spot  returns  to  its  original  deflection.  The  next  re¬ 
ceived  echo  should  then  return  the  spot  to  the  center¬ 
ing  circle  ruled  on  the  scope  if  the  training  was  cor¬ 
rect.  The  function  of  the  push  button  described 
above  can  be  performed  automatically  as  a  further 
development  when  proper  circuits  are  available.  The 
method  of  having  a  continuous  spot  and  feeding-back 
voltages  proportional  to  training  allows  the  operator 
to  judge  immediately  the  amount  of  train  necessary. 
The  use  of  slow-speed  slewing  allows  the  operator  to 
make  up  for  any  major  errors  in  the  training  per¬ 
formed  by  the  calculating  gear,  as  well  as  to  perform 
small  differential  training  to  correct  for  small  devia¬ 
tions.  This  operation  automatically  feeds  target 
depth  and  target  bearing  into  the  computer.  After  a 
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few  pings  of  the  sonar  system,  the  computer  starts  to 
return  estimated  target-position  information  hack  to 
the  sonar  gear  and  automatically  train  it  to  the  target. 
Thus,  the  only  function  for  the  operators  is  to  watch 
the  appropriate  scopes  and  put  in  small  corrections 
representative  of  small  errors  in  training  and  range 
prediction  as  performed  by  the  calculating  gear. 
These  errors  correspond  to  changes  in  target  course 
and  speed  which  had  not  yet  had  time  to  affect  the 
computation.  In  addition,  the  computer  acts  as  an 
attack  director,  giving  information  to  the  conning 
officer. 

It  may  be  seen  that  this  system  relieves  the  opera¬ 
tors  of  the  necessity  of  making  any  complicated  judg¬ 
ments.  In  each  case  the  operator  turns  a  knob  to 
match  a  cursor  to  a  spot  or  to  match  a  spot  or  pip  to  a 
prearranged  line  or  limit  circle.  These  manipula¬ 
tions  arc  readily  reduced  to  purely  mechanical  reflex 
reactions  on  the  part  of  the  operator. 

The  electronics  and  scanning  devices  required  to 
operate  in  conjunction  with  such  an  indicator  have 
not  as  yet  been  developed.  It  is  felt,  however,  that  the 
arrangement  suggested  here  is  one  logical  goal  which 
might  be  pursued  in  the  development  of  improved 
sonar  equipment. 

106  STABILIZATION  AND  FIRE 
CONTROL 

At  present  it  is  clear  that  sonar  information  has 
greater  probable  error  and  is  obtained  less  frequently 
than  other  fire-control  information.  It  is,  therefore, 
to  be  expected  that  in  future  development  each  por¬ 
tion  of  the  attack  equipment  (sonar,  ordnance,  and 
fire-control)  will  be  designed  with  a  fuller  apprecia¬ 
tion  of  the  capabilities  and  limitations  of  the  others. 
The  discussion  here  deals  with  the  antisubmarine 
problem,  and  it  is  recognized  that  similar  considera¬ 
tions  hold  in  the  prosubmarinc  field. 

10-6-1  Sonar  Considerations 

Sonar  information  must  always  be  limited  in  accu¬ 
racy  because  of  the  nature  and  properties  of  the  ocean 
as  a  medium  for  transmission  of  sound.  In  addition, 
the  nature  and  extent  of  the  target  introduce  uncer¬ 
tainties  as  to  its  position.23’  24’  25  Sonar  design  should 
take  into  account  these  limitations. 2f!-  27  The  methods 
described  in  Chapter  3  for  determining  performance 


expectations  on  the  basis  of  sonar  characteristics 
should  be  useful  in  this  connection. 

As  complete  information  as  possible  is  required  re¬ 
garding  the  position  of  the  target.  Stabilization  must 
be  provided  to  remove  the  effect  of  own-ship’s  roll 
and  pitch,  by  correcting  the  indications  or  by  effec¬ 
tively  leveling  the  sonar  transducer.  Where  only  the 
indications  arc  corrected,  great  inconsistency  of  in¬ 
formation  may  be  experienced  under  conditions  of 
considerable  roll  and  pitch  (sec  Chapter  3).  This  is  a 
disadvantage  because  the  amount  of  useful  informa¬ 
tion  received  is  decreased  and  the  range  of  probable 
detection  is  reduced.  Physical  stabilization  of  a  scan¬ 
ning  sonar  transducer  presents  formidable  problems 
in  mechanical  design,  but  is  presumed  possible.  Elec¬ 
trical  beam  shifting  likewise  seems  very  difficult,  but 
it  is  possible  in  theory  and  should  be  investigated. 

Choice  of  the  type  of  stabilization,  two-axis  or 
three-axis,  requires  a  careful  study  of  operational  re¬ 
quirements.  The  relative  simplicity  of  the  two-axis 
type  makes  it  preferable  if  its  limitations  at  large 
elevation  angles  are  found  operationally  acceptable. 
Whether  or  not  the  stabilization  units  are  used  in 
common  with  other  equipment  is  a  matter  involving 
considerations  of  space,  reliability,  and  damage  con¬ 
trol,  and  must  be  studied  in  connection  with  the 
ship’s  whole  fire-control  system. 

It  has  already  been  pointed  out  earlier  in  this  chap¬ 
ter  that  the  design  of  the  sonar  indicators  is  of  great 
importance.  It  must  be  considered  in  relation  both  to 
the  efficiency  of  the  operators  and  the  interconnec¬ 
tion  with  the  fire-control  equipment. 

to.6.2  Ordnance  Considerations 

It  has  long  been  recognized  that  depth  charges  are 
inadequate  for  antisubmarine  warfare.  Slow  sinking 
speed,  stern-dropping  attacks,  a  slow  maneuvering  of 
the  attacking  ship,  and  loss  of  sonar  contact  at  short 
range  give  much  opportunity  for  evasive  action  by 
the  submarine.28  Forward-thrown  projectiles  still  are 
dependent  to  a  considerable  degree  on  proper  maneu¬ 
vering  of  the  ship. 

All  of  these  ordnance  types  require  that  the  ship 
make  attack  runs  and  allow  only  one  firing  per  run. 
It  seems  clear  that  adaptation  of  gunnery  methods  to 
the  antisubmarine  attack  wotdd  be  highly  advan¬ 
tageous,  utilizing  continuous  firing  and  independ¬ 
ence  of  ship’s  motion.  If  both  range  and  bearing  of 
the  point  at  which  the  projectile  entered  the  water 
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could  be  set  in  accordance  with  information  from  a 
fire-control  computer,  then  maneuvering  of  the  at¬ 
tacking  ship  would  become  much  less  critical.  The 
conning  officer  would  need  only  to  keep  the  ship  with¬ 
in  reasonably  wide  range  limits  of  the  target  and 
could  adjust  his  aspect  to  present  a  minimum  mark 
for  torpedoes.  Continuous  sonar  contact,  including 
contact  for  short  ranges  and  deep  targets,  would  fa¬ 
cilitate  maneuvers. 

Gunnery-type  antisubmarine  ordnance  has  long 
been  under  consideration,  and  development  has  re¬ 
cently  been  begun  by  the  Bureau  of  Ordnance.  This 
development  should  be  prosecuted  vigorously.  The 
widest  possible  limits  in  both  bearing  and  range 
should  be  striven  for,  to  allow  maximum  latitude  in 
maneuvering.  Fuzing  should  be  of  the  contact  and 
proximity  type  rather  than  of  the  pressure  type,  so 
that  only  damaging  explosions  would  interfere  with 
sonar  operation.  On  the  other  hand,  the  value  of 
spotting  techniques  in  gunnery  has  led  to  the  sug¬ 
gestion29’  30  that  the  antisubmarine  projectiles  be 
constructed  to  return  identifiable  sonar  indications 
whose  position  may  be  compared  with  that  of  the 
target.  Release  of  bubbles  or  the  incorporation  in 
each  projectile  of  a  very  simple  echo  repeater31  are 
possible  means  to  this  end. 

10.6.3  Fire-Control  Considerations 

Fire  control  for  surface  and  antiaircraft  gunnery 
has  reached  a  state  of  near  perfection  in  so  far  as  it  is 
used  with  visual  observation  of  the  target.  With  the 
differences  in  the  nature  of  sonar  and  visual  informa¬ 
tion  it  is  logical  to  expect  great  departures  from  nor¬ 
mal  fire-control  methods  to  be  desirable.32  Present 
day  fire-control  methods  should  be  more  nearly  ap¬ 
plicable  to  the  gunnery-type  antisubmarine  ordnance 
discussed  above.  However,  it  has  been  clearly  shown 
that  adequate  provision  must  be  made  for  the  par¬ 
ticular  nature  of  sonar  information,  which  is  charac¬ 
terized  by: 

1.  Time  lag,  due  to  the  low  velocity  of  sound  in  the 
medium,  and  operator  lag  (2  seconds). 

2.  Comparatively  long  time  interval  between  ob¬ 
servations,  due  to  the  nature  of  sonar  equipment  and 
the  methods  of  operation. 

3.  Inaccuracy  and  dispersion  of  bearing  data  (±  1 .5 
degrees),  due  to  water  dispersion,  target  extent,  and 
operating  errors. 

4.  Inaccuracy  and  dispersion  of  depth  data  (±20 


feet),  due  to  the  causes  listed  in  No.  3  above,  plus 
thermal  gradient  refraction  and  surface  reflections. 

5.  Dispersion  of  range  data  (±20  yards),  due  to  the 
causes  mentioned  in  No.  4  above. 

In  the  present  state  of  sonar  art  the  values  men¬ 
tioned  above  are  realistic  averages  for  a  submarine 
target  at  ranges  of  the  order  of  500  to  1,000  yards. 
Development  of  sonar  fire  control  must,  therefore,  be 
based  on  making  the  best  use  of  data  which  possess 
this  degree  of  “roughness.”  Smoothing  devices  must 
be  provided  to  keep  the  attack  computation  stable 
and  based  on  the  most  probable  position  of  the  tar¬ 
get,  but  the  degree  of  smoothing  (or  acceptance  lag) 
must  be  held  to  a  minimum  so  that  target  maneuvers 
may  be  detected  quickly.  With  erratic  data  more 
smoothing  must  be  provided,  but  arrangement 
should  be  made  for  reducing  the  smoothing,  and 
thereby  increasing  maneuver  detectability,  when  the 
data  are  more  consistent.  Recorder  methods  allow  in¬ 
telligent  judgment  to  be  applied  in  smoothing  the 
data,  but  these  methods  are  subject  to  misjudgment. 
On  the  other  hand,  methods  using  automatic  smooth¬ 
ing  are  not  subject  to  operator  misjudgment,  but  are 
unable  to  take  full  advantage  of  the  consistency  of 
data  available  at  any  given  time.  It  is  in  this  field  that 
there  is  greatest  need  for  study  and  development. 

Given  the  smoothed  data,  the  computation  of  the 
ordnance  orders  and  predicted  data  is  straightfor¬ 
ward,  and  both  mechanical  and  electrical  methods 
are  available.  Complications  of  the  computer  for  sev¬ 
eral  types  of  attack  should  be  evaluated  in  terms  of 
tactical  value. 

A  large  proportion  of  initial  contacts  with  surfaced 
submarines  are  made  visually  or  by  radar;  moreover, 
submerged  submarines  frequently  surface  during  the 
course  of  an  attack.  Therefore,  to  take  full  advantage 
of  the  ship’s  available  ordnance,  guns,  torpedoes,  and 
underwater  projectiles,  close  coordination  of  all  the 
ship’s  fire-control  equipment  is  necessary.  It  should 
be  possible,  for  example,  to  have  guns  and  torpedoes 
ready  and  trained  to  attack  the  submarine  if  it  sur¬ 
faces,  and  to  transfer  contact  smoothly  from  sonar  to 
radar  or  visual  at  that  time.  On  the  other  hand,  target 
course  and  speed  information  gained  from  radar  or 
visual  contact  should  be  available  to  the  sonar  fire 
control  to  give  predicted  sonar  position  for  assistance 
in  making  initial  sonar  contact.  Considerable  study 
should  be  devoted  to  this  problem,  in  order  that  the 
maximum  cooperation  may  be  achieved  with  the 
least  chance  for  error  and  unsatisfactory  operation. 
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Closely  related  to  the  problem  of  coordination  is 
that  of  damage  control.  Considerable  interconnec¬ 
tion  of  various  units  is  necessary  to  facilitate  the  co¬ 
ordination  mentioned  above,  and  suitable  switching 
arrangements  must  be  provided  to  isolate  an  inoper¬ 
ative  portion  so  that  the  usefulness  of  other  units  is 
impaired  as  little  as  possible.  For  example,  consider¬ 
ing  only  the  sonar  and  its  associated  fire-control 
equipment,  it  should  be  possible  to  operate  the  sonar 
without  fire  control,  but  with  stabilization,  or  with¬ 
out  either  one.  Even  by  itself,  an  operable  sonar 
equipment  might  make  possible  a  successful  attack 
with  ordinary  depth  charges,  or  might  maintain  con¬ 
tact  until  the  submarine  had  to  surface.  The  use  of 
various  units  in  common  (as,  for  example,  the  stable 
element)  must  be  carefully  considered  from  this  point 
of  view;  duplication  of  vital  units  in  different  por¬ 
tions  of  the  ship  may  be  desirable.  Likewise,  elements 
with  similar  functions  in  different  portions,  such  as 
servo  amplifiers,  should  be  interchangeable. 

The  above  discussion  of  isolation  of  units  for  dam¬ 
age  control  applies  also  to  provision  for  testing,  serv¬ 
icing,  and  maintenance.  In  such  complicated  systems 
it  must  be  possible  to  test  each  portion  separately.  For 
example,  testing  sonar  performance  with  an  installed 
sound  gear  monitor  [ISGM]  as  discussed  in  a  later 
section  of  this  chapter,  requires  temporary  removal  of 
sonar  stabilization  and  aided  tracking. 

*o.7  MONITORING  AND  SERVICING 
DURING  OPERATION 

A  suitable  testing  program  has  two  functions:  (1) 
to  insure  that  the  sonar  equipment,  having  first  been 
installed  or  maintained  at  a  base,  is  operating  as  well 
as  it  should;  and  (2)  to  determine  at  frequent  periods 
during  its  service  that  it  continues  to  operate  effi¬ 
ciently.  An  obvious  accompanying  need  is  provision 
for  quickly  finding  and  remedying  trouble. 

One  section  of  Chapter  8  describes  methods  and 
techniques  that  have  been  used  for  the  testing,  after 
installation,  of  the  experimental  scanning  sonar  units 
developed  by  HUSL,  and  may  provide  a  guide  in  con¬ 
sidering  this  part  of  the  problem. 

In-service  checking  is  usually  carried  out  when  a 
ship  is  at  sea  and  in  combat  readiness,  and  should, 
therefore,  be  simple,  easy,  and  rapid,  as  well  as  accu¬ 
rate.  A  method  similar  to  that  worked  out  for  check¬ 
ing  QC  sonar  with  an  ISGM33-  34  seems  indicated.  In 


this  case,  the  checking  procedure  interrupts  searching 
for  only  twelve  seconds,  and  is,  therefore,  considered 
suitable  for  oncc-a-watch  use. 

Correction  of  faults  indicated  by  the  in-service 
check  should  be  made  easy  and  rapid  by  having  com¬ 
ponents  available  for  replacement.  Circuits  should 
be  arranged  and  testing  facilities  provided,  so  that 
trouble  may  be  quickly  localized  and  defective  com¬ 
ponents  identified. 

10  71  What  Needs  to  be  Checked 
in  Service 

In  order  to  be  assured  that  the  scanning  sonar  is 
performing  properly  the  following  questions  repre¬ 
sent  the  minimum  to  be  answered: 

1.  Is  normal  power  being  transmitted  into  the 
water? 

2.  Is  receiving  sensitivity  normal? 

3.  Is  noise  level  normal  for  the  operating  speed? 

4.  Is  the  receiving  pattern  normal? 

Positive  answers  to  the  first  three  questions  deter¬ 
mine,  in  effect,  that  the  figure  of  merit  of  the  sonar 
(sec  Chapter  2)  is  normal,  and  that  detection  ranges 
should  be  as  expected  except  as  limited  by  water  con¬ 
ditions.  A  positive  answer  to  the  fourth  furnishes  a 
more  sensitive  check  on  the  condition  of  the  trans¬ 
ducer-commutator  combination.  Noise  level  is  obvi¬ 
ous  to  the  operator  during  normal  search  operation 
from  the  settings  of  the  gain  controls  required  for  ac¬ 
ceptable  background  at  long  ranges;  therefore,  it 
need  not  be  specifically  checked.  Proper  tuning  of 
transmitter  and  receiver  are  checked  implicitly  in 
measurements  of  transmitted  power  and  receiving 
sensitivity;  also,  changes  arc  likely  to  be  apparent 
audibly  during  normal  operation.  Frequency  deter¬ 
mination  and  retiming  wotdd  accordingly  be  part  of 
the  procedures  to  locate  the  cause  when  either  power 
or  sensitivity  was  found  below  normal.  (This  is  in 
contrast  to  requirements  for  checking  QC-tvpe  sonar 
equipment,  whose  sharply  resonant  transducers  make 
tuning  critical.) 

10.7.2  Appropriate  Procedures  for 
In-Service  Checking 

A  test  transducer  located  outside  the  dome  is  nec¬ 
essary  to  meet  the  requirements  for  determination  of 
powerand  sensitivity  of  a  scanning  sonar.  It  should  be 
located  on  the  horizontal  center-line  of  the  sonar 
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transducer,  four  to  six  diameters  distant,  and  prefer¬ 
ably  forward  from  the  transducer.  It  must  be  stream¬ 
lined  to  allow  use  at  any  ship  speed,  and  should  be 
retractable  and  replaceable  from  within  the  ship.  A 
mounting  using  a  pitometer  log-type  strut,  as  devel¬ 
oped  for  the  installed  sound  gear  monitor,34  seems 
well  suited  for  this  service.  The  test  transducer  must 
have  high  stability  and  reasonably  flat  frequency  re¬ 
sponse. 

Since  storage-type  transmitters  are  used  in  scan¬ 
ning  sonar  equipment,  steady-state  measurements 
cannot  be  made.  A  peak  voltmeter  or  calibrated  cath¬ 
ode-ray  tube  indicator  is  accordingly  indicated.  The 
nondirectional  nature  of  scanning  sonar  transmission 
permits  the  making  of  power  measurements  without 
interruption  of  sonar  operation. 

To  measure  receiving  sensitivity,  it  is  necessary  to 
put  a  sound  signal  of  known  level  into  the  water,  and 
to  note  the  setting  of  the  receiver  gain  control  which 
brings  the  resulting  sonar  indication  to  a  reference 
level  (or  conversely,  the  gain  control  may  be  set  and 
the  required  signal  noted).  The  output  reference  lev¬ 
el  may  often  conveniently  be  the  threshold  of  either 
visual  or  aural  indications,  depending  on  the  specific 
sonar  system.10  Alternatively,  an  output  meter  may 
be  incorporated. 

In  checking  sensitivity,  minimum  interruption  of 
search  operation  can  be  obtained  by  proper  proce¬ 
dure.  For  example,  in  the  case  of  the  XQHA  sonar,  if 
the  signal  level  in  the  water  is  set  above  the  water 
noise  level,  it  appears  on  the  scanning  indicator  at 
long  range  (where  the  RCG  has  allowed  the  receiver 
gain  to  come  to  the  value  determined  by  the  gain  con¬ 
trol  setting).  The  sonar  operator  may  then  interrupt 
pinging  by  switching  to  the  noise  position,  adjust 
the  gain  control  to  give  threshold  indication,  note  the 
setting,  and  return  to  search  pinging. 

In  working  out  checking  procedures  that  allow 
minimum  interruption  of  search  operation,  the  loca¬ 
tion  of  the  test  equipment  and  its  indicators  must  be 
carefully  considered.  It  may  be  desirable  to  locate  the 
test  indicators  in  the  sonar  hut  to  allow  immediate 
checking  by  the  operator.  Standard  indications,  with 
which  the  results  of  the  checking  must  agree,  can  be 
determined  at  the  time  the  sonar  is  certified  at  the 
base  as  ready  for  action. 

The  importance  of  the  figure  of  merit,  which  com¬ 
bines  transmitting  power  and  receiving  sensitivity  to 
give  an  overall  performance  figure  for  the  sonar  gear 
(see  Chapter  3),  makes  it  desirable  to  construct  the 


test  equipment  so  that  results  obtained  with  it  can  be 
directly  correlated  with  figure  of  merit  measure¬ 
ments.  However,  since  diminution  of  transmitted 
power  and  receiving  sensitivity  are  independently 
possible,  the  procedures  described  above,  in  which 
they  are  observed  separately,  seem  preferable  for  rou¬ 
tine  in-service  checking. 

A  more  speedy  process  can  be  developed  for  the 
checking  of  receiving  beam  patterns.  Points  of  im¬ 
portance  are  the  width  of  the  major  lobe,  the  heights 
of  the  first  minor  lobes,  and  the  nature  and  magni¬ 
tude  of  spurious  side  and  back  sensitivity.  For  ex¬ 
ample,  for  QH  sonar,  by  putting  a  fairly  strong  signal 
into  the  water  with  the  test  transducer  the  sonar  gain 
control  can  be  adjusted  until  the  scanning  indication 
is  just  visible  above  threshold  on  the  PPI  screen.  In¬ 
creasing  the  gain  by  6  db,  for  instance,  gives  an  indi¬ 
cation  of  the  width  of  the  major  lobe;  increasing  it 
by  20  db,  for  example,  if  no  further  radials  are  indi¬ 
cated,  shows  that  the  minor  lobes  are  below  this 
value.  For  this  purpose  it  is  desirable  that  the  gain 
control  be  calibrated  in  db,  although  check  settings 
may  be  determined  from  a  calibration  of  the  control. 
The  beam  of  the  listening  channel  may  be  similarly 
checked,  using  the  training  control  to  train  the  beam 
first  in  the  direction  of  the  test  transducer,  then  (ob¬ 
serving  the  cursor  on  the  PPI  screen)  in  the  direction 
of  minor  lobes  and  side  or  back  lobes  of  interest. 

As  a  corollary  to  the  procedure  just  outlined,  in 
which  predetermined  gain-control  settings  are  made 
to  show  that  the  minor  lobes  and  the  spurious  side 
and  back  sensitivity  are  below  standard  values,  it  is 
possible  to  get  a  good  measurement  of  the  receiving 
pattern  by  determining  the  gain  control  change  need¬ 
ed  to  bring  the  various  lobes  to  threshold.  From  such 
readings  it  is  even  possible  to  determine  the  pattern 
with  reasonable  accuracy. 

Another  specific  method  for  delineating  the  receiv¬ 
ing  pattern  is  by  changing  the  function  of  the  PPI 
scope  (by  switching)  to  make  it  a  polar  pattern  tracer, 
either  linear  or  logarithmic.36  This  has  not  yet  been 
proved  satisfactory  and  the  simplicity  of  the  methods 
using  the  unaltered  sonar  equipment,  as  outlined 
above,  makes  them  seem  the  more  attractive. 

to.7.3  In-Service  Operator  Practice 

Shore-based  training  facilities  used  at  present  are 
based  on  the  requirements  of  searchlight-type  sonar, 
and  reach  their  culmination  in  the  attack  teacher.37 
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Modifications  of  shore-based  training  equipment,  to 
allow  training  in  the  procedures  required  with  scan¬ 
ning  sonar,  are  already  being  studied,1”  and  a  suitable 
modification  of  the  attack  teacher,  to  permit  practice 
in  making  attacks  with  scanning  sonar  information, 
has  been  under  test.33 

The  further  development  of  shore-based  scanning 
sonar  training  aids,  and  of  procedures  for  using  them, 
must  be  pursued.  Shipboard  training  aids  and  pro¬ 
cedures  should  be  developed  for  scanning  sonar.  In 
so  doing  it  might  he  well  to  consider  the  possibility  of 
combining,  at  least  in  part,  the  equipment  used  in 
checking  sonar  performance  with  that  used  in  pro¬ 
viding  operator  practice.  Furthermore,  since  the  prac¬ 
tice  equipment  requires  certain  direct  connections  to 
the  sonar  gear,  design  of  the  two  must  be  closely  co¬ 
ordinated. 

10*  MODULATION 

Various  proposals  have  been  made  for  increasing 
the  visual  contrast  between  the  echo  and  reverbera¬ 
tion  traces  as  they  appear  on  the  screen  of  the  cath¬ 
ode-ray  tube  indicator  for  scanning  sonar.  Present 
practice  sets  the  visual  threshold  by  means  of  the  re¬ 
verberation  so  that  weak  echoes  arc  often  lost. 

In  order  to  improve  echo-signal  recognition,  it  is 
necessary  to  investigate  the  fundamental  questions  of 
what  factors  may  be  present  in  the  echo  but  absent  in 
the  reverberation,  or  what  factors  may  be  present  in 
the  reverberation  but  absent  in  the  echo.  Information 
on  these  questions  should  make  possible  the  design  of 
equipment  which  permits  improved  distinction  be¬ 
tween  the  desired  echo  and  the  undesired  reverbera¬ 
tion. 

There  are  two  possible  solutions  to  this  problem. 
The  first  is  to  earmark  the  transmitted  ping  in  a  man¬ 
ner  that  is  preserved  in  the  echo  but  lost  in  the  rever¬ 
beration,  and  to  use  receiving  equipment  sensitive 
only  to  such  identification.  The  second  is  to  make  use 
of  the  fact  that  the  echo  returns  from  a  particular 
direction,  while  the  signals  identified  as  reverbera¬ 
tion  appear  to  come  from  extended  sources  and, 
therefore,  from  a  spread  of  directions.  In  the  first 
case,  the  most  profitable  method  seems  to  be  through 
modulation  of  the  ping  signal  to  produce  modulation 
in  the  echo,  which  does  not  appear  in  the  reverbera¬ 
tion.  Simultaneous  lobe  comparison  [SLG]  tech¬ 
niques  seem  to  offer  some  possibilities  in  the  second 
line  of  approach. 


Before  much  can  he  done  in  the  way  of  circuit  de¬ 
sign,  some  fundamental  research  on  the  effect  of 
modulation  of  acoustic  ptdses  in  water  must  be  un¬ 
dertaken3”  to  determine  its  effect  on  the  returning 
echo.  Some  equipment  was  built  and  installed  by 
HUSL  for  a  program  of  experimentation40  with  vari¬ 
ous  types  of  amplitude  and  frequency  modulation, 
but  time  and  facilities  were  insufficient  to  allow  the 
program  to  be  carried  to  completion.  Work  has  been 
done  elsewhere,  however,  with  standard  searchlight 
sonar  on  the  same  problem,  and  several  equipment 
modifications  have  been  developed  that  may  be  ap¬ 
plicable  to  scanning  sonar.  For  example,  the  rever¬ 
beration  equalizer41  developed  at  the  San  Diego  Lab¬ 
oratory  has  features  that  may  be  applied  to  the  scan¬ 
ning  problem.  On  a  single-frequency  ping  the  funda¬ 
mental  frequency  of  the  returning  reverberation  vari¬ 
ation  is  approximately  the  same  as  the  returning 
echo  pulse.  With  a  frequency-modulated  ping  the 
fundamental  frequency  of  the  reverberation  varia¬ 
tion  is  much  higher  than  the  echo  pulse,  although 
the  amplitude  of  the  reverberation  with  and  without 
modulation  is  the  same.42 

Since  with  a  frequency-modulated  pulse,  the  echo 
length  is  long  compared  to  the  reverberation-varia¬ 
tion  pulses,  detection  and  filtering  can  be  used  to  pro¬ 
duce  discrimination  against  reverberation  in  the  re¬ 
ceiving  system.43  This  fundamental  idea  might  be 
applied  to  the  scanning  sonar  system  if  the  modula¬ 
tion  frequency  were  high  enough  so  that  several  fre¬ 
quency  changes  occur  while  the  receiving  sensitivity 
beam  is  cutting  the  echo  train.  To  be  effective,  how¬ 
ever,  a  transducer  and  receiver  with  a  wide  frequency 
response  would  be  required  with  correspondingly 
high  noise  sensitivity. 

The  case  for  amplitude  modulation  looks  less 
promising.  Experiments  with  searchlight-type  sys¬ 
tems,  in  which  the  transmitted  pulse  is  amplitude- 
modulated,  have  not  indicated  that  any  improvement 
in  performance  is  gained  by  the  use  of  such  modula¬ 
tion.  Since  reverberation  appears  to  be  modulated  to 
the  same  degree  as  the  desired  echo,  no  additional  in¬ 
formation  results  by  which  the  echo  may  be  distin¬ 
guished  from  the  reverberation.  Some  experiments  at 
New  London  using  amplitude  modulation  have  in¬ 
dicated  that  there  might  be  some  advantage  gained 
by  such  use  in  improving  the  signal-to-noise  ratio.  In 
any  sound  gear  the  noise  may  be  reduced  by  reducing 
the  pass  band.  In  normal  design  it  is  necessary  to  have 
the  pass  band  sufficiently  wide  to  pass  the  transmitted 
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pulse  and  any  doppler  shift  in  frequency.  Own-dop- 
pler  nullification  reduces  the  band  width  required  to 
that  necessary  to  pass  only  target  doppler.  If  the  trans¬ 
mitted  pulse  is  modulated  and  the  selectivity  is 
placed  after  a  stage  rectifying  the  carrier,  the  pass 
band  required  is  that  necessary  to  pass  the  doppler  on 
a  base  frequency  equal  to  the  modulation.  The  signal- 
to-noise  ratio  is  then  increased  by  the  ratio  of  the  nor¬ 
mal  carrier  frequency  to  the  modulation  frequency. 
In  the  scanning  channel  the  pass  band  required  is  de¬ 
termined  primarily  by  the  pulse  resulting  from  the 
scanning  of  the  echo,  and  is  only  slightly  increased  by 
target-doppler  or  own-doppler  considerations.  Thus, 
it  appears  that  very  little  gain  can  be  obtained  by  the 
use  of  modulation  on  the  outgoing  pulse  and  selec¬ 
tivity  after  rectification.  In  the  listening  channel, 
however,  ODN  may  be  applied  and  the  selectivity 
after  rectification  utilized  as  in  the  normal  search¬ 
light-type  system. 

On  surface  ships  working  against  submerged  tar¬ 
gets  in  deep  water,  the  use  of  modulation  may  result 
in  a  net  disadvantage,  since  the  target  doppler  is  small 
and  thus  permits  narrow  pass  bands  if  ODN  is  used, 
while  use  of  amplitude  modulation  always  destroys 
the  ability  of  the  operator  to  recognize  echoes  by  their 
quality. 

The  use  of  amplitude  modulation  permits  the 
transmission  of  constant  peak  power  with  a  consider¬ 
able  reduction  in  average  power,  or  conversely,  if  the 
transmitter  and  transducer  permit,  the  transmission 
of  higher  peak  powers  for  the  same  average  power. 
Some  experiments  have  been  carried  out  utilizing  the 
first  alternative  and  overmodulating  to  a  degree 
which  resulted  in  the  transmission  of  a  burst  of  short 
pulses  during  each  ping  having  a  ratio  of  pulse  to 
space  of  about  1:3.  Experiments  carried  out  under 
Navy  auspices  indicated  that  this  form  of  transmis¬ 
sion  produced  some  improvement  in  the  detectability 
of  small  targets,  but  quantitative  data  are  not  avail¬ 
able. 

10.9  three-dimensional  scanning 

Standard  searchlight  sonar  may  be  considered  as  a 
one-dimensional  scanning  device,  since  it  examines 
successively  regions  lying  at  different  ranges  in  a  par¬ 
ticular  direction  and  portrays  by  some  method  of  pre¬ 
sentation  the  presence  of  targets  lying  in  that  particu¬ 
lar  direction.  In  a  similar  manner  the  QH-type  sonar 
described  in  this  report  scans  in  two  dimensions  and 


represents  in  polar  coordinates  all  target  points  in  a 
plane  approximately  parallel  to  the  ocean  surface. 
The  integrated  Type  B  sonar  described  in  Chapter 
6  adds,  through  a  separate  operation,  scanning  in  a 
particular  selected  plane  approximately  perpendicu¬ 
lar  to  the  ocean  surface.  It  remains  to  consider  some 
of  the  fundamental  problems  involved  in  three-di¬ 
mensional  scanning  of  the  entire  subsurface  hemi¬ 
sphere.  Two  basic  problems  must  be  considered:  the 
physical  problem  of  securing  acoustical  information 
from  the  medium,  and  the  problem  of  portraying  the 
information  for  interpretation  by  an  observer. 

Fundamental  to  scanning,  by  methods  so  far  con¬ 
sidered,  is  the  movement  of  a  beam  of  receiving  sen¬ 
sitivity.  As  one  example,  the  axis  of  the  beam  might 
trace  out  a  cone  of  expanding  angle  around  the  down¬ 
ward  vertical,  as  shown  in  Figure  25.  The  vertical  in¬ 
clination  of  the  beam  would  thus  change  slowly  from 
the  vertical  to  the  horizontal  as  the  beam  scanned 
rapidly  in  azimuth,  and  the  whole  process  would  need 
to  be  completed  quickly  enough  to  be  repeated  with¬ 
in  a  time  interval  corresponding  to  the  range  resolu¬ 
tion.  As  an  alternative,  the  axis  of  the  receiving  beam 
might  scan  rapidly  through  elevation  angles  from  the 
horizontal  to  the  downward  vertical,  while  the  plane 
containing  this  excursion  rotates  more  slowly 
through  all  azimuth  bearings.  Again,  the  entire  scan¬ 
ning  process  should  be  completed  within  the  range 
resolution  interval. 

Apparatus  for  carrying  out  the  scanning  operations 
just  described  would  undoubtedly  be  more  compli¬ 
cated  than  those  so  far  proposed.  In  order  to  accom¬ 
plish  these  operations  with  techniques  similar  to 
those  described  in  this  report  it  would  be  necessary 
to  arrange  small  transducer  elements  over  a  spherical 
surface  and  to  arrange  phasing  networks  and  switch¬ 
ing  circuits  to  produce  the  desired  formation  and 
commutation  of  the  beam.  Since  the  added  compo¬ 
nent  of  high-speed  motion  of  the  beam  would  in¬ 
crease  considerably  the  difficulties  arising  from  short¬ 
ness  of  the  signal  pulse  intercepted  by  the  receiving 
beam,  it  would  seem  mandatory  to  utilize  perma¬ 
nently  connected  phasing  networks  yielding  pre¬ 
formed  beams  and  an  electronic  system  that  would 
integrate  the  entire  pulse  length  for  the  proposed 
high-speed  scanning.  Because  high  resolution  is  re¬ 
quired  for  elevation  angle,  it  seems  probable  that  at 
least  600  transducer  elements  would  be  necessary, 
even  if  it  were  possible  to  sacrifice  some  coverage  in 
the  region  of  the  downward  vertical. 
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Figure  25.  Example  of  three-dimensional  scanning. 
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Figure  26.  An  acoustic  analogue  of  television. 
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Variations  of  the  foregoing  method  have  been  pro¬ 
posed44’4^'"5  which  involve  the  use  of  an  acoustic  lens 
formed,  as  in  the  optical  case,  by  an  acoustically  trans¬ 
parent  volume  bounded  by  appropriately  curved  sur¬ 
faces  and  having  a  propagation  velocity  differing  sig¬ 
nificantly  from  that  of  sea  water.  Such  an  acoustic 
lens  would  be  expected  to  form  an  acoustical  image 
of  the  region  of  interest  (see  Figure  2f>)  on  a  mosaic 
of  small  transducers  in  the  focal  plane  of  the  lens.47 
Beam  formation  would  be  accomplished  by  the  lens, 
so  that  the  only  additional  requirement  would  be  to 
scan  the  output  of  the  transducer  array.  This  could 
be  accomplished  readily  enough,  but  there  is  not  yet 
available  a  method  of  integrating  and  storing  the 
pulse  signal  at  the  individual  points  of  the  transducer 
mosaic  without  resorting  to  an  undesirable  multi¬ 
plicity  of  amplifier  and  rectifier  channels.  If  the  sug¬ 
gested  mosaic  of  transducers  could  be  replaced  by 
some  substance  or  process  which  would  utilize  what 
might  be  called  acoustic  irradiation  in  a  way  that 
would  permit  the  presence  of  the  acoustical  signal  to 
be  revealed  by  subsequent  optical  or  electronic  scan¬ 
ning,  this  system  would  present  very  attractive  pos¬ 
sibilities.  It  is  recognized  that  this  description  pro¬ 
poses  an  electroacoustic  analogue  of  the  television 
iconoscope.  Parabolic  reflectors  or  other  acoustical 
adaptations  of  optical  devices  could  be  invoked  to 
surmount  any  difficulties  arising  in  the  acoustic  lens, 
but  this  system  will  probably  remain  impractical  un¬ 
til  the  electroacoustic  transducing  mosaic  becomes 
available. 

The  most  practical  method  of  achieving  a  form  of 
three-dimensional  scanning  at  present  appears  to  lie 
in  an  extension  of  the  basic  principles  of  the  inte¬ 
grated  Type  B  sonar.  In  this  case  two  scanning  sys¬ 
tems  are  superimposed,  one  sweeping  out  a  volume  of 
the  medium  approximately  parallel  to  the  ocean  sur¬ 
face,  while  the  other  examines  another  restricted  vol¬ 
ume  of  the  medium  covering  all  depression  angles  for 
a  limited  range  of  azimuth  bearings.  Application  of 
sector-scan  techniques  to  each  of  these  scanning  chan¬ 
nels  would  provide  for  rapid  location  of  any  target 
within  range.  If  it  is  necessary  to  guard  against  the 
possibility  that  a  target  might  appear  suddenly  below 
the  depression  angle  limits  of  the  horizontal  scan¬ 
ning  system  and  off  the  bearing  of  the  vertical  scan¬ 
ning  system,  it  might  be  feasible  to  utilize  several 
vertical  scanning  channels,  each  covering,  by  a  hori¬ 
zontal  scan,  overlapping  fixed  regions  of  azimuth 
bearing. 


One  of  the  most  difficult  problems  associated  with 
three-dimensional  scanning  is  the  adequate  display  of 
information  to  an  operator.  Present  horizontal  scan¬ 
ning  systems  exhibit  position  information  on  the 
plane  surface  of  a  cathode-ray  indicator.  The  display 
is  built  up  progressively  in  time  and  successive  dis¬ 
plays  are  superimposed,  the  limited  persistence  of  the 
cathode-ray  tube  allowing  the  presentation  to  alter 
sluggishly.  One  proposal  for  representing  an  addi¬ 
tional  coordinate  is  to  code  the  bright  spot  indication 
corresponding  to  the  presence  of  a  target.  Thus  a 
brightened  line  originating  at  the  target  location  on 
a  PPI  display  might  indicate  by  its  length  or  orienta¬ 
tion  the  magnitude  of  another  coordinate  such  as 
depth.  This  method  produces  interpretable  indica¬ 
tions  only  if  targets  do  not  overlap,  and  if  the  display 
is  reasonably  free  from  noise  interference.  It  has  the 
additional  disadvantage  of  sacrificing  any  possibility 
of  quality  interpretation  of  the  target  indications  ap¬ 
pearing  in  the  present  QH  PPI.  It  might  be  possible 
to  arrange  two  PPI  displays  for  stereoscopic  viewing 
so  that  the  target  indication  would  appear  to  the  op¬ 
erator  at  its  appropriate  depth.  Other  three-dimen¬ 
sional  television  techniques  might  be  invoked  simi¬ 
larly,  but  some  new  indicator  principles  must  become 
available  before  a  true  picture  of  changing  conditions 
in  three-dimensional  space  can  be  formed  and  pre¬ 
sented  to  an  observer  as  they  change  with  time. 

The  question  may  be  raised  as  to  whether  it  is  de¬ 
sirable  to  present  such  complete  t|nee-dimensional 
position  information  to  a  single  operator.  The  three- 
indicator  type  of  presentation  suggested  in  an  earlier 
section  of  this  chapter  would  present  substantially  all 
information  gained  from  three-dimensional  scan¬ 
ning,  but  would  divide  the  problem  of  dealing  with 
this  information  among  three  operators.  Unless  tac¬ 
tical  advantages  arise  from  the  more  compact,  but 
more  complicated  unitary  presentation,  it  appears 
now  that  some  form  of  presentation  similar  to  the 
three-indicator  type  of  display  represents  the  most 
practical  approach  to  three-dimensional  scanning. 

In  summary,  systems  for  three-dimensional  scan¬ 
ning  appear  to  be  very  complicated.  However,  new 
conceptions  and  basic  research  on  system  elements 
may  remove  these  handicaps.  Even  now,  certain  fun¬ 
damental  methods  have  been  established  which 
would  make  it  feasible  to  undertake  the  design  of  a 
three-dimensional  scanning  system  to  provide  any  re¬ 
quired  degree  of  scrutiny  of  the  subsurface  hemi¬ 
sphere. 
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ACOUSTIC  AXIS.  A  reference  line  adopted  in  calibration  of 
any  transducer,  usually  the  direction  of  maximum  response. 

ADP  CRYSTAL.  Ammonium  dihydrogen  phosphate  crystal 
having  marked  piezoelectric  properties. 

AMBIENT  NOISE.  Noise  present  in  the  medium  apart  from 
target  and  own-ship’s  noise. 

ARTIFICIAL  TRANSDUCER.  A  laboratory  device  used  to 
furnish  synthetic  signals  equivalent  in  phase  relations  and 
amplitude  to  those  furnished  by  an  actual  transducer  in 
water,  receiving  sound  from  a  distant  source. 

ASAP.  Antisubmarine  attack  plotter. 

A  SCOPE.  A  CRO  indicator  depicting  echo  intensities  by  verti¬ 
cal  deflections,  and  ranges  by  the  position  of  these  deflections 
on  the  horizontal  trace. 

BAFFLE.  A  shield  used  to  modify  an  acoustic  path. 

BAFFLE,  PRESSURE  RELEASE.  A  soft  baffle  incapable  of 
supporting  variational  acoustic  pressure. 

BAFFLE,  STIFF.  An  ideally  rigid  baffle. 

BDI.  Bearing  deviation  indicator. 

BEARING  RATE.  Rate  of  change  of  bearing. 

B  SCOPE.  A  CRO  indicator  having  a  rectangular  plot  of  range 
versus  bearing.  Spot  brightness  indicates  echo  intensity. 

CAVITATION.  Formation  of  gas  or  vapor  cavities  in  water, 
caused  by  sharp  reduction  of  local  pressure. 

CHEMICAL  RECORDER.  An  indicator  which  records  range 
on  chemically  treated  paper. 

CR  SYSTEM.  Commutated  rotation  scanning  sonar. 

CRYSTAL  TRANSDUCER.  A  transducer  which  utilizes  piezo¬ 
electric  crystals,  usually  Rochelle  salt,  ADP,  quartz,  or  tour¬ 
maline. 

CUT-ONS.  Method  of  bearing  determination  from  initial  and 
final  echoes  obtained  as  the  echo-ranging  beam  is  swept  across 
the  target. 

DEAD  TIME.  Elapsed  time  between  the  will  to  fire  and  the 
instant  when  the  charges  strike  the  water. 

DEPTH  ANGLE.  The  angle  between  the  horizontal  and  the 
bearing  of  the  submerged  target  as  seen  from  own  ship. 

DG.  Differential  generator  (synchro). 

DIFFERENTIAL  SYNCHRO.  A  synchro  unit  which  responds 
to  the  sum  or  difference  of  two  rotation  orders. 

DIRECTIVITY  INDEX.  A  measure  of  the  directional  prop¬ 
erties  of  a  transducer.  It  is  the  ratio,  in  decibels,  of  the  aver¬ 
age  intensity,  or  response,  over  the  whole  sphere  surrounding 
the  projector,  or  hydrophone,  to  the  intensity  or  response  on 
the  acoustic  axis. 

DIRECTIVITY  RATIO.  A  measure  of  the  directional  prop¬ 
erties  of  a  transducer.  It  is  the  numerical  ratio  of  the  in¬ 
tensity,  or  response,  on  the  acoustic  axis  to  the  average 


intensity,  or  response,  over  the  whole  sphere  surrounding  the 
projector,  or  hydrophone. 

DLC.  Delayed  lobe  comparison. 

DOME.  A  transducer  enclosure,  usually  streamlined,  used  with 
echo-ranging  or  listening  devices  to  minimize  turbulence  and 
cavitation  noises  arising  from  the  transducer’s  passage 
through  the  water. 

DSS.  Depth  scanning  sonar. 

DYNAMIC  MONITOR  [DM],  A  form  of  monitor  giving  an 
index  known  as  the  figure  of  merit  of  the  dynamic  perform¬ 
ance  of  echo-ranging  gear. 

ECHO  REPEATER.  An  artificial  target,  used  in  sonar  calibra¬ 
tion  and  training,  which  returns  an  echo  by  receiving,  ampli¬ 
fying,  and  retransmitting  an  incident  ping. 

EI.  Elevation  indicator. 

E2I.  Expanded  elevation  indicator. 

ELECTRICAL  ZERO.  An  arbitrarily  chosen  electrical  refer¬ 
ence  point  for  any  specific  system. 

EPI.  Elevation  position  indicator. 

ER  SYSTEM.  Electronically  rotated  scanning  sonar.  A  system 
utilizing  an  electronic  circuit  for  beam  rotation. 

FIGURE  OF  MERIT.  Ratio,  in  decibels,  of  pressure  in  trans¬ 
mitted  ping  at  a  distance  of  1  yd  to  pressure  of  the  minimum 
detectable  echo  under  prevailing  conditions. 

GEOGRAPHIC  PLOT.  A  plot  which  records  motion  of  target 
relative  to  true  north. 

HELIPOT.  A  helical  potentiometer  whose  slide  jvire  is  wound 
like  a  spring,  so  that  the  contact  makes  several  complete  revo¬ 
lutions  in  going  from  zero  to  maximum  resistance. 

HP-TYPE  TRANSDUCER.  Hebbphone,  a  longitudinally  vi¬ 
brating  laminated  stack  transducer  of  type  used  in  final  QH 
design. 

HUSL.  Harvard  Underwater  Sound  Laboratory. 

HYDROPHONE.  An  underwater  microphone. 

IN-REGISTER  POSITION.  With  capacitive  commutator,  in¬ 
register  position  occurs  when  stator  and  rotor  electrodes  are 
exactly  opposite  one  another,  producing  maximum  capacitive 
coupling. 

INTER-REGISTER  POSITION.  With  capacitive  commutator, 
inter-register  position  occurs  when  rotor  electrodes  are  in 
mid-positions  giving  equal  capacitive  coupling  to  two  adja¬ 
cent  stator  electrodes. 

ISGM.  Installed  sound  gear  monitor. 

MAGNETOSTRICTION  EFFECT.  A  phenomenon  exhibited 
by  certain  metals,  particularly  nickel  and  its  alloys,  which 
change  in  length  when  magnetized  or  (Villari  effect)  when 
magnetized  and  then  mechanically  distorted  undergo  a  cor¬ 
responding  change  in  magnetization. 

MCC.  Maintenance  of  close  contact. 
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MR  SYSTEM.  Mechanically  rotated  scanning  system.  An  early 
scanning  sonar  system  developed  by  HI 'SI.. 

MTB.  Maintenance  of  true  bearing. 

NOISE  RADI  U  S.  The  brightening  of  till  range  points  on  a 
specific  ITI  bearing,  caused  by  the  reception  of  noise  front  the 
direction  indicated. 

NORMALIZED  AMPLITUDE.  The  response  along  the  axis  of 
the  major  lobe  plotted  with  a  value  of  unity  (or  0  db). 

ODX.  Own-dopplcr  nullifter. 

OTE.  Operator  training  equipment.  Earlier  a  HDSL  designa¬ 
tion  for  operational  test  equipment. 

PEPPER.  Polar  exponential  pattern  plotter  for  ER  sonar. 

P2I.  Modified  PPL 

P3I.  Precision  PPL 

PHANTASTRON  CIRCUIT.  A  precision  delay  circuit. 

PIEZOELECTRIC  EFFECT.  A  phenomenon  exhibited  by  cer¬ 
tain  crystals  in  which  mechanical  compression  produces  a 
potential  difference  between  opposite  crystal  faces  or  an  ap¬ 
plied  electric  field  produces  corresponding  changes  in  di¬ 
mensions. 

PING.  An  acoustic  pulse  signal  projected  from  echo-ranging 
transducer. 

PIP.  An  echo  trace  on  indicator  screen. 

PI’CR.  Portable  polar  chart  recorder. 

PPL  Plan  position  indicator. 

PRESSURE  RELEASE.  A  material,  such  as  air-cell  rubber, 
which  is  incapable  of  supporting  variational  acoustic  pressure. 

PROJECTOR.  An  underwater  acoustic  transmitter. 

QH.  Navy  designation  for  C'.R  scanning  sonar  (originally  ap¬ 
plied  to  HDSL  designs)  employing  magnetos! rictive  trans¬ 
ducers. 

QL.  Navy  designation  for  EM  sonar  of  UCDWR  design. 

RANGE  RATE.  Rate  of  change  of  range  between  own  ship 
and  target. 

RCG.  Reverberation  controlled  gain. 

RECOGNITION  DIFFERENTIAL.  The  number  of  decibels 
by  which  a  signal  must  exceed  the  background  in  order  to  be 
recognized  50  per  cent  of  the  time. 

REVERBERATION.  Sound  scattered  diffusely  back  towards 
the  source,  principally  from  the  surface  or  bottom  and  from 
small  scattering  sources  such  as  bubbles  of  air  and  suspended 
solid  matter. 

REVERBERATION  INDEX.  Measure  of  the  ability  of  an 
echo-ranging  transducer  to  distinguish  the  desired  echo  from 
the  reverberation.  Computed  from  the  directivity  patterns  as 
the  ratio  in  decibels  of  the  bottom,  surface,  or  volume  rever¬ 
beration  response  of  a  specific  transducer  to  the  correspond¬ 
ing  response  of  a  nondircctional  transducer. 


/><  RUBBER.  A  rubber  compound  with  the  same  pr  (densitv 
times  velocity  of  sound)  product  as  water. 

RING  S  LACK.  A  magnetos! rictive  transducer  composed  of 
ring  laminations  which  vibrate  radiallv. 

SEARCHLIGHT -TYPE  SONAR.  Echo-ranging  system  in 
which  the  same  narrow  beam  pattern  is  used  for  transmission 
and  reception. 

SGM.  Sound  gear  monitor. 

SKYATRON.  A  dark-trace,  long-persistence,  cathodc-rav  tube 
which  can  be  used  for  projection  of  plan  position  indication. 

SEC.  Simultaneous  lobe  comparison. 

SONAR.  A  generic  term  applied  to  apparatus  or  methods  that 
use  sound  for  navigation  and  ranging. 

SONIC.  Pertaining  to  the  range  of  audible  frequencies,  some¬ 
times  taken  as  from  0.02  kc  to  15  kr. 

SOUND  CHANNEL.  A  rare  condition,  occurring  when  a  nega¬ 
tive  velocity  gradient  overlies  a  positive  velocity  gradient  in 
the  water,  whereupon  the  sound  energy  is  confined  between 
horizontal  planes  and  thus  may  be  transmitted  over  verv  long 
ranges. 

• 

SSL  Sector  scan  indicator. 

S  LACK,  LAMINA  TED.  A  pile  of  consolidated  laminations. 

S  TANDARD  DEVIATION.  'The  septate  root  of  the  average  of 
the  squares  of  the  differences  from  the  mean. 

STAVE.  Individual  longitudinal  element,  a  number  of  which 
make  up  a  sonar  transducer. 

STORAGE  SYS  TEM.  Scanning  system  in  which  the  received 
signal  from  each  direction  is  integrated  in  the  capacitors  asso¬ 
ciated  with  each  of  many  directional  channels  for  later 
sampling. 

SUPERSONIC.  Pertaining  to  the  range  of  frequencies  higher 
than  sonic.  Sometimes  referred  to  as  ultrasonic  to  avoid  con¬ 
fusion  with  the  tt.se  of  supersonic  to  denote  highcr-than-sound 
velocities. 

'TARGE  T  ASPEC  T.  Orientation  of  the  target  as  seen  from  own 
ship. 

TARGE  T  S  TRENG  TH.  Measure  of  reflecting  power  of  the 
target.  Ratio,  in  decibels,  of  the  target  echo  to  the  echo  from 
a  fi-foot  diameter  perfectly  reflecting  sphere  at  the  same  range 
and  depth. 

TRAIN.  To  rotate  the  transducer  in  a  given  direction  about  its 
axis. 

TRANSDUCER.  Any  device  for  converting  energy  from  one 
form  to  another  (electrical,  mechanical,  or  acoustic).  In  sonar, 
usually  combines  the  functions  of  a  hydrophone  and  a  pro¬ 
jector. 

TRANSMISSION  ANOMALY  [A],  Dimensionless  factor,  de¬ 
pending  on  range  and  general  ocean  conditions,  which  ac¬ 
counts  for  transmission  loss  other  than  that  caused  by  inverse 
square  divergence. 
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TRANSMITTED  INTENSITY.  Sound  intensity  in  decibels 
above  l  dyne  per  square  centimeter  usually  measured  at  1  m 
from  the  transmitter. 

TRIPLANE.  A  device  consisting  of  three  sound-reflecting  sur¬ 
faces,  mutually  perpendicular,  having  the  property  of  reflect¬ 
ing  a  sound  pulse  back  along  the  axis  of  arrival,  used  to 
simulate  a  target. 

TRUE  BEARING.  Bearing  with  respect  to  true  north. 

TVG.  Time  varied  gain. 


VARIO-LOSSER  CIRCUIT.  A  varistor  circuit  using  a  d-c  con¬ 
trol  voltage  to  vary  the  attenuation  of  the  signal  voltage  in  a 
circuit. 

VARISTOR.  Nonlinear  resistance  the  value  of  which  decreases 
with  increasing  applied  voltage. 

WHITE  NOISE.  A  uniform  continuous  noise  spectrum. 

XQHA.  Navy  designation  for  development  model  of  azimuth 
scanning  system  employing  the  capacity  commutator  rotation 
principle. 
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A  scope,  26,  503 

Acoustic  lens  for  three-dimensional  scan¬ 
ning,  512 
Acoustic  patterns 

see  Directivity  patterns 
Acoustic  power  radiated,  relation  to  di¬ 
rectivity  ratio,  71 
Acoustic  pulse  modulation,  508 
Adcock  antenna  system,  5 
ADP  crystal  transducers 
see  AX-132  transducer;  AX-136 
transducer 

ADP  crystals,  478-479,  485 
Aided-tracking  mechanisms,  275 
Air-gap  tolerances  on  commutators  for 
CR  sonar,  148 
“All-around”  search 
see  Scanning  sonar 

Alsimag  used  in  sonar  commutators,  154 
Ambient  noise  of  the  sea,  59-60,  68 
Ambient  noise  pressure,  73 
Ammonium  dihydrogen  phosphate, 
478-479,  485 

Amplitude-brightening  receiver,  174 
“Anchor”  project,  200 
Annular  search  device,  4 
Anticipating  gain  control,  501 
Antisubmarine  attack  plotter  (ASAP), 
23,  43-44,  166,  216-218 
Antisubmarine  ordnance,  gunnery-type, 
505 

Armour  Institute  of  Technology,  421 
Artificial  projector,  409 
Artificial  ship,  421 
Artificial  transducer,  395-399 
Artificial  transducer  line,  437 
Artificial  water,  9,  392,  396 
A-scope,  26,  503 
Attack  directors,  275,  421 
see  also  Fire  control  with  sonar 
Attack  plotters 
ASAP,  43-44,  166 
MGAP,  501 

Attack  teacher,  126, 166,  421,  507 
Attack-search  switch,  291 
Attenuation,  total,  51 
Attenuation  coefficient,  69 
Attenuation  curve,  450 
Auditorium  system,  CR  sonar,  119-120, 
210 

Auditory  indicators,  22,  27 
Automatic  gain  control  for  ER  receivers, 
355 


Automatic  keying  unit  (AKU),  216 
Automatic  target  training  (ATT) ,  502 
Automatic  volume  control  (AVC),  8-9, 
32,  92 

see  also  RCG  circuit;  TVG  circuit 
AX-89  transducer,  49,  124,  142,  318,  334 
AX-104  transducer,  49,  311, 318 
AX-127  transducer,  49 
AX-132  transducer,  49,  313,  316,  319,  347 
AX-136  transducer,  49,  314-316,  323,  347 
AX-142  transducer,  49 
Azimuth  scanning 
see  also  PPI 
26-kc  sonar,  264-266 
38-kc  sonar,  250-252 
commutators,  264 
directivity  patterns,  425 
transducer  (FI-5  modified),  250 

B  scope,  27 

B19-J  hydrophone,  316 
Bandwidth  for  ER  receivers,  353 
Bathythermograph,  276 
BD1  (bearing  deviation  indicator) 
construction,  279-280 
deflection  curves,  286 
distortion  effect,  286 
doppler  shift  compensation,  291 
functions,  279,  502 
gain  control,  285 
general  principles,  227 
heterodyne  BDI  systems,  28 
improvement,  286 

lag  line  lobe  comparison,  types  X3  and 
X4;  29,  34-35,  97 
phase  shifting  circuits,  279-280 
phase-actuated  locator  (PAL),  28-29, 
34-35 

power  supply,  283-284 
RCG  circuit,  284,  288-289 
right-left  indicator  (RLI),  28-29, 34-35 
search-attack  switch,  291 
sector  scan  indicator  (SSI),  27,  34-35, 
221,502 

sum-and-difference  principle,  34,  227, 
279 

tests,  284-288,  409 
types,  29 

use  as  a  monitor,  95-97 
use  with  integrated  type  B  sonar,  222, 
289 

use  with  searchlight  sonar,  1 


use  with  26  kc  depth-scanning  sonar, 
226,  279-288 
varistor  circuit,  280 
BDI  brightening,  97 
Beam  formation 
see  Directivity  patterns 
Beam  patterns 
see  Directivity  patterns 
Beam  rotation 
see  Commutators 
Bearing  accuracy,  430 
Bearing  cursors,  24 
Bearing  deviation  indicator 
see  BDI 

Bearing  information 
see  BDI;  PPI 
Bearing  repeaters,  29 
Binary  counter-switching,  339 
Blanking  PPI  screen,  CR  systems,  206 
“Blockbusters”  (transmitters),  191 
"Blocked"  cables,  481 
Blocking,  ER  receivers,  358 
Bottom  reverberation,  63,  66-68,  73 
Bottom  scattering  coefficients,  66 
B’r  director  train,  43 
Bridged  T  switching  lag  lines,  340 
Brightening  pulse  measurements,  418 
Brightening  receiver,  278-279 
British  Admiralty,  preformed  directivity 
patterns,  493 

British  Navy  sonar  system,  4 
B’r’q-train  order,  269 
Brush  crystal  transducers 
AX-89;  49,  124,  142,  318,  334 
AX-104;  49,  311,  318 
B-scope,  27 

Bump-back  filters,  199 
C  scope,  503 

Cable  seals  for  transducers,  475 
Cables  for  scanning  transducers,  481 
Caliper  type  of  range-determining  sys¬ 
tem,  418 

Capacitive  commutators,  143-153 
see  also  Commutators 
capacitive  rings,  54-55 
capacitor  material,  54-55 
Die-Block  model,  144 
Models  1-5;  146-153 
Whirling  Dervish,  144 
Capacitive  rotation  sonar 
see  CR  sonar 

Capacitive  transmit-receive  network,  345 
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Cardboard  commutator,  1 13 
Cathode-ray  switching  generator.  339 
Cathode-ray  tubes 
choice  of  size,  25 
dynamic  range,  32 
varying  background  intensity,  350 
Cavitation,  40 
Chemical  range  recorder 
functions.  28 

use  with  Aide  de  Camp  I.R/CR  sys¬ 
tem,  214 

use  with  ER  systems,  385 
use  with  integrated  type  If  sonar,  224 
use  with  Model  XQHA  system,  106 
use  with  QH  sonar,  Model  1  and  Model 
2;  214-215.218 
use  with  searchlight  sonar,  1 
Circuit  improvements  recommended, 
490-501 

anticipating  gain  control,  501 
increasing  ease  of  operation,  500 
increasing  receiver  sensitivity,  497 
increasing  transmitted  power,  497 
Circuits,  electronic 
discriminator  circuit,  385.  393 
electronic  timing  circuits,  40 
expander  circuit  for  electronic  sweep, 
111-113 

for  relay  elimination.  130 
gain-control  circuits,  110.  284-289,  355 
Hartley  oscillator  circuit.  300 
integrator  circuit,  417 
keying  circuit.  203-204 
Miller-effect  circuit.  330 
OI)X  circuit,  187,  109 
PA I.  circuits,  35 
ping-delay  circuit,  100-110 
pulse-sharpening  circuit.  121 
range  marking  circuit,  377,  379 
RCG  circuit.  110.  284-289 
sweep  circuit,  1 1 1 
timing  circuits.  40 
trigger  circuit,  78,  302,  417 
TVC  circuit,  355 
varistor  bridge  circuits,  279,  290 
X-3  and  X-4  circuits  for  BDI,  34 
Circuit-testing  meter  and  switch,  308 
Circular  sweep  tests,  410 
Circulatory  control  (definition).  379 
Code  transmission  for  underwater  com¬ 
munication,  40 

Coefficient  of  backward  volume  scatter¬ 
ing,  64 

Commutated  rotation  scanning  sonar 
see  CR  sonar 
Commutators 
capacitive  rings,  54-55 
capacitor  material,  54-55 
cylindrical  forms,  54 
design,  50-55 


for  integrated  type  H  sonar,  259-206 
for  26-kc  azimuth-scanning  sonar,  204 
for  2(i-kc  depth-scanning  sonar,  252- 
259 

for  38-kc  depth-scanning  sonar,  259- 
203 

for  XQHA  system.  54 
multiple  plate,  488 
multi-scan.  487 
oil  filled,  487 
plate  forms,  54 
plate  material,  153-150,  488 
preamplifier.  53 
slip  rings,  55 
Commutators.  CR 
air-gap  tolerances,  54 
brushes,  51-55 

connections  to  segments,  54-55 
Die- Block  model,  144 
double  lag  line  coupling,  491 
first  cardboard  model,  143 
for  early  HlkSI.  system,  7-8 
general  description,  3 
input  transformers,  51 
interregister  error,  53 
lag  line,  52 

lag  line  designs,  252-259 
metallizing  plates,  154 
Model  I,  140 
Model  IB.  149 
Model  II,  147 
Model  III,  148 

Model  IV  (cylindrical  rotor),  149 
Model  V,  153 

Model  5  (48  element,  cylindrical), 252- 
259 

pattern  measurements.  393 
recommendations  for  future  research, 
480 
rotor,  50 

smooth  rotation  of  beam  pattern,  480 
stationary  lag  line,  492 
stator,  50 
tolerances,  187 
"Whirling  Dervish,”  I  I  I 
Commutators,  ER 
beam  patterns,  394 
discriminator  adjustment.  393 
general  specifications,  55 
mechanical  requirements.  57 
Commutators,  tests.  387-393 
assembly  tests,  391 
component  tests,  387 
input  transformer  measurements,  388 
input  impedance  measurements,  387 
lag  line  and  lead  line  measurements, 
389 

phase  shift  measurements,  388 
subassembly  tests,  389 
termination  resistor  tests,  389 


transducer  and  commutator  tested  to¬ 
gether.  403—106 
Commutators,  types 

capacitive,  9,  50.  143-153 
CR  vs  ER,  50 
electronic  rotation,  55 
inductive,  50.  143,  489 
Console  indicators 

for  integrated  type  B  sonar,  271 
for  QH  sonar.  Models  1  and  2;  157-162 
Control  rack  for  integrated  type  B  sonar, 
271 

Copper  oxide  varistors.  17 

Corning  Glass  Works,  155 

Corrosion  prevention  in  transducers.  175 

Counter 

use  in  timing,  417 

use  in  Aide  dc  Camp  sweep  circuits, 
212 

CI'l-l  transducer,  49,  141 
CR  repeater  scope,  349 
CR  sonar,  116-221 
commutators,  143-155,  391 
directivity  patterns.  438,  486 
elements.  116-118 
evaluation,  220-221 
experimental  work,  118-128 
figure  of  merit.  122-125 
functions  that  require  time  control, 
205 

general  description,  110-118 
indicators,  116-118,  155-168 
laboratory  tests  and  equipment,  1 19- 
120 

lag  line  design,  460 

length  of  times  between  pings.  118 

limitations,  303 

mathematics  of  pattern  formation,  439 
Medusa,  118 
operation,  1 16 

own-doppler  nullification,  117,  187, 
497 

1*1*1  display,  117,205 
RCG  circuit,  110 
receivers,  116,  108-189 
recommendations  for  future  research, 
221,  486 

spiral  sweep,  41, 205 
storage  of  received  energy,  494 
sweep  and  timing  circuits,  205-219 
tests,  402,  404,  410,  416 
tolerances,  487 

torpedo  detection  with,  121.  124 
transducers,  118,  128-143 
transmitters,  110,  189-204 
CR  sonar,  recommendations,  486—492 
commutator  plates,  486-487 
commutators,  487 
high-speed  scanning.  487 
inductive  commutator,  489 


CONFIDENTIAL 


INDEX 


535 


lag  line,  491 

multiple  plate  commutator,  488 
pattern  computer,  492 
plate  material  for  commutators,  488 
slip  rings,  490 

smooth  rotation  of  beam  pattern,  486 
tolerances,  487 
CR  sonar,  systems 
see  also  QH  sonar 
Aide  de  Camp  system,  120-122 
auditorium  system.  119-120,  210 
Model  1  CR/ER  sonar,  122-125 
Model  2  CR  system,  125-126 
XQHA  system,  116,  126-128 
CR/ER  console,  Model  1;  122 
Crossed-dipole  system,  5 
Cross-modulation,  408 
Crystal  transducers 
see  Transducers,  crystal 
Cursors  for  depth-scanning  display,  26 
Cylindrical  radiators,  433 
Cylindrical  transducer,  47 

Delayed  lobe  comparator  (DLC)  ,  121, 
306,  356 

Depth  charge  detection  with  submarine 
ER  sonar,  316 

Depth  charge  thrower,  gun  type,  277 
Depth-scanning  display  (DDS),  26 
Depth-scanning  sonar,  26  kc,  226-241 
BDI  receiver,  227,  239,  279-288 
bottom  echo,  235-237 
commutator,  252-259 
components,  227 
deep  monitor,  229 
design  considerations,  226 
directivity  patterns,  230,  259 
dome,  229 
EPI  scope,  229,  237 
figure  of  merit,  238 
historical  summary,  14 
indicator  panel,  420 
indicators,  162,  266-268 
installation  book,  229 
installed  sound  gear  monitor,  230 
interference  patterns,  234-235 
lag  lines,  254 
maximum  range,  238 
ocean  bottom  echoes,  235 
preamplifiers,  277 
propeller  noise,  238 
QBF  projector,  237  * 

range  recorder,  229 
receiver,  185,  227,  239 
recommendations,  241 
scanning  receivers,  277-279 
signal  circuits,  228 
stabilization,  268-270 
submarine  runs,  237-238 


sweep  circuits,  296-298 
synchro  control  and  display  circuits, 
228 

tests  on  USS  Cythera,  222,  230 
transducers,  222,  226-229,  241-250 
transmitter,  202,  292-295 
transmitting  patterns,  234 
trunnion  tilt  corrector,  229 
Depth-scanning  sonar,  38-kc,  259-263 
Depth-scanning  sonar,  operating  tests, 
431 

Depth-scanning  transducers 
HP-3DS,  226,  229,  241-245 
HP-8D,  222,  245-250 
Detection  of  torpedo  echoes,  124 
Die-Block  model  commutator,  144 
Directivity  index,  60, 66 
Directivity  patterns,  433-474 
90°  and  270°  sectors,  438 
commutator  and  transducer  tests,  403- 
406 

computer,  442,  492 
CR  sonar,  47,  438-455 
cylindrical  transducers,  47 
depth-scanning  sonar,  26  kc,  230 
effect  of  baffle  conditions,  449 
effect  of  dome,  425 
ER  sonar,  49, 455-T62,  492-496 
Gaussian  pattern,  439 
horizontal  patterns,  483 
HP-1  transducer,  129-133 
HP-3  transducer,  137 
measurements  used  for  testing  trans¬ 
ducers  and  commutators,  405-406 
Medusa  (transducer),  129 
number  of  active  elements,  452 
pattern  width,  443 
phase  shift  requirements,  451 
preformed  patterns,  493 
principles  of  formation,  47 
receiving  patterns,  47,  403-406,  425 
reciprocity  theorem,  433 
rotatability,  443,  446 
rotation  doppler,  457 
sector  of  a  transducer  cylinder,  433 
sector  pattern  of  minimum  directivity 
ratio,  438 
shading, 482 
sharpness,  444 
single-element  patterns,  435 
testing  by  adjusting  sonar  gain  con¬ 
trol,  507 

time  delay  concept,  436 
total  attenuation  pattern,  450 
transducers,  433-438 
transmitting  patterns,  7,  425 
vertical  patterns,  44,  482 
Directivity  ratio 

HP-1  transducer,  129-133 
HP-5  transducer,  138 


in  transmission  and  reception,  453 
minimum  directivity  ratio,  438,  442 
Director  train  (stabilized  sight),  43 
Discriminator  circuit,  385,  393 
Display  for  three-dimensional  scanning, 
512 

Dome,  effect  on  receiving  hydrophone 
pattern,  80 

Domes,  lubricating  solutions,  90 
Domes  for  scanning  transducers,  485 
Doppler,  rotational,  457 
Doppler  shift  corrections,  498 
Dynamic  monitor,  214,  415,  418,  423 
Dynamic  range  of  scanning  receivers,  53, 
358 

Echo  detectability 
see  Echo  recognition 
“Echo  injector,”  9-10 
Echo  ranging 

acoustic  power  radiated,  71 
basis  of  comparison,  76 
calculations,  73 
figure  of  merit,  76 
optimum  frequency,  20 
roll  and  pitch  of  ship,  71 
Echo  recognition,  59-76 
effect  of  large  targets,  76 
effect  of  thermal  gradients,  70 
maximum  detection  ranges,  75 
noise,  59-63,  68-69 

probability  formula  with  visual  detec 
tor,  62-63 
refraction,  70 
reverberation,  63-68 
target  strength,  70 
transmission  loss,  69 
Echo  storage,  494 
Echo-ranging  paths,  67-68 
Echo-ranging  systems 
see  Scanning  sonar  systems 
Electric  noise,  60,  68,  73,  426,  490 
Electrically  rotated  sonar 
see  ER  sonar 

Electroacoustic  analogue  of  the  televi¬ 
sion  iconoscope,  512 
Electromechanical  commutators 
see  Commutators 
Electronic  rotation  scanning  sonar 
see  ER  sonar 

Electronic  spiral  sweep  for  CR  sonar,  207 
Electronic  switches,  16,  55 
multielement  switch  (pentagrid),  337 
plate  switching,  337 
triode  type,  337 
varistor  switch,  336 

Electronic  switching  improvements,  492 
Elevation  angle,  269 
Elevation  indicator  (El)  ,  27 
Elevation  order,  269 
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Elevation  position  indicator  (El’l).  I  I, 
27,224,229,278 

Energy  . storage  systems  for  scanning- 
sonar  transmitter,  36 
Eq-elevation  angle,  269 
E't]’- elevation  order.  269 
ER  rotors,  326-318 
60  cycle  rotor,  331 , 313 
200  cycle  rotor,  313 
500  cycle  rotor,  313.  3 17 
design  details,  313 
directivity  patterns,  326 
lead  lines,  326,  331 
mechanical  construction,  316 
parts,  326 

rotation  speed,  330 
submarine  systems  rotor,  313 
switches,  335 
tests.  393-391 
transmission  lines,  339 
transmit-receive  networks,  311 
ER  sonar,  303-385 
applications,  18 

chart  system  for  Aide  dc  Camp,  73 
commutators,  55-58 
directivity  pattern,  17,  155.  192 
discriminator  circuit,  385,  393 
echo  storage.  19 1 
general  description.  303-301 
historical  survey.  15-19 
improvements  in  directivity  patterns, 
•192—196 

improvements  in  electronic  switching, 
-192 

indicators  and  controls,  318-353 
leadlines,  331,  16.3 
listening  beam.  -195 
maximum  detection  ranges.  75 
own-doppler  nullification  (OI)N),  197 
pulse  lines.  370 
range  determination,  372.  118 
receivers,  353-362 
rotation  doppler,  157 
rotors,  326-318 
scanning  speed,  303 
sector  scanning,  191 
spiral  sweep,  11, 371 
sweep  and  timing  circuits.  371-385 
sweep  linearization  and  stabilization, 
383 

switching  line,  -165 
transducers,  317-326 
transmitters.  362-371 
ER  sonar,  200  cycle  system 
circuit  testing  meter  and  switch.  309 
directivity  patterns.  309 
HP-1  transducer,  317 
indicators.  319 
lag  line.  309 
new  equipment.  309 


receiver,  359 
rotor,  31.3 

scanning  ranges.  319 
sweep  and  timing  circuits.  372 
tests  on  Aide  de  Camp,  .308,  31 1 
transmitter,  362 
use  in  submarine,  312 
ER  sonar.  500  cycle  system 

AX-101  transducer.  19.  311, 318 
detectability  tests,  312 
directivity  patterns.  3)  1 
indicators,  350 
receiver,  359 
rotor,  313, 3 17 
scanning  ranges,  351 
sweep  and  timing  circuits.  373 
tests,  312 
transmitter,  367 
ER  sonar,  recommendations 
electronic  switching,  -192 
listening  channel,  195 
multiple-layer  lead  lines,  493 
phased  switching.  -193 
preformed  patterns,  193 
sector  scanning,  191 
storage  of  received  energy,  191 
ER  sonar,  systems 
60  cycle  systems,  301 
200  cycle  system,  16 
300  cycle  submarine  sonar,  313 
500  cycle  system,  31 1 
53  kilocycle  system,  16,  359,  373 
Aide  de  Camp  installations.  15,  301 
early  systems,  9 
model  1  CR/ER  sonar,  122 
submarine  sonar.  XQKA.  301 
ER  sonar,  tests 
circular  sweep  tests.  116 
complete  transfer  network,  102 
on  Aide  dc  Camp.  15 
on  Tippecanoe,  18 
transmitter  tests,  1 1 1 
Error  integral,  71 

Expanded  elevation  indicator  (El),  27 
Expander  circuit  for  electronic  sweep, 

111-113 

Federal  Telephone  and  Radio  Corpora¬ 
tion,  192-193 

53  kc  ER  sonar,  16.  359.  373 
Figure  of  merit,  507 

Aide  de  Camp  CR  system.  122 
definition.  76 

depth-scanning  sonar.  26  kc,  238 
measurement  upon  installation. -127 
Model  I  CR/ER  system.  121 
Model  II  CR  sonar  system,  125 
Filters 

band-pass  for  capacitive  commutators, 

491 


band-pass  for  preamplifier,  277 
band-pass  for  26  kc  depth-scanning 
]$I)I  receiver,  279 
band-pass  for  XQKA.  361 
bump-back,  199-204,  363 
for  QH  sonar,  183 
preamplifier,  183 
tests  on  hand-pass  filters,  409 
Fire  control  with  sonar 
accuracy  limitations.  504-505 
coordination,  506 
damage  control,  505 
equipment,  275 

for  antisubmarine  warfare,  504-505 
for  type  1$  integrated  sonar.  275 
General  Electric  attack  plotter,  44 
general  requirements,  43-44 
gun  type  thrower  for  large  charges, 

277 

Mark  4  attack  director,  43-14,  275 
ordnance,  504 
500  cycle  ER  sonar 
see  ER  sonar,  500  cycle  system 
Fixed-tuned  signal  frequency  type  re¬ 
ceivers,  360 
FM  sonar,  4 

Fogging  of  the  I’l’I  screen,  15 
Formulas 

CR  sonar  directivity  pattern.  -139 
echo  recognition  probability,  62 
ER  sonar  directivity  pattern.  455 
pattern  of  a  sector  of  a  cylinder,  433 
Frequency  discriminator  circuit,  56-57 
Frequency  modulation,  508 
Frequency  modulation  (FM)  sonar,  4 

Gain-control  circuits 
RCG,  1 16,  281-289 
sector-selective  gain  control,  501 
TVG,  355 

Gaskets,  corprcnc.  475 
Gaussian  directivity  pattern,  439 
Gencaseal  insulation  for  transducer 
windings.  129 

General  Electric  attack  plotter,  -13—1-1, 
166 

Geographic  plotting,  23.  166 
German  scanning  systems.  5 
Gunnery-type  antisubmarine  ordnance, 
505 

Gyro-compass  converter  unit,  228 

Hauovia  Chemical  Company,  154 
Hartley  oscillator  circuit,  366 
Harvard  Underwater  Sound  Laboratory 
see  H  USI, 

Hebbphoue  I  (HP-1),  10,  -18,  120,  129, 
306. 317 

Hebbphoue  2  (HP-2).  48,  124,  133 
Hebbphoue  2B  (HP-2H),  48,  125,  133 
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Hebbphone  3  (HP-3),  48,  136,  482 
Hebbphone  3DS  (HP-3DS),  48,  226,  241- 
245 

Hebbphone  3S  (HP-3S)  ,  48,  317 
Hebbphone  4  (HP-4),  48 
Hebbphone  5  (HP-5),  48,  138,  250,  396 
Hebbphone  6  (HP-6),  48 
Hebbphone  7  (HP-7),  48 
Hebbphone  8  (HP-8),  48 
Hebbphone  8D  (HP-8D),  222,  245-250 
Hebbphone  9  (HP-9),  48 
Heterodyne  oscillator,  33 
Hewlett-Packard  oscillator,  92,  99-100 
High  power  transmission,  circuit  im¬ 
provements,  497 

High  speed  scanning  with  CR  sonar,  487 
Horizontal  scanning  sonar 
see  also  QH  sonar 
operating  test  procedure,  429 
HP  transducers 
see  Hebbphone 

Human  ear  as  noise  detector,  61 
HUSL,  1 

indicator  panel,  421 
Mark  III  attack  director,  421 
modulation  of  acoustic  pulses  in 
water,  508 

HUSL  scanning  system 
see  QH  sonar 

HUSL  Spy  Pond  Calibration  Station,  18 
Hydrophones,  crystal,  6x6  inch,  85 

Ideal  detector  (echo  ranging),  61 
Impedance,  transducers,  47 
Impedance  networks,  398 
Impedance  ratio,  388 
Indicators 
A  scope,  26,  503 
arrangement,  29 
auditory  indicators,  27-28 
15  scope,  27 

hearing  deviation  indicator;  see  BDI 
bearing  repeaters,  29 
C  scope,  503 
captain's,  224 

depth-scanning  display,  25 
design,  22,  30 
EPI  scope,  235 
helmsman’s,  224 

mechanical  oscilloscopes  and  record¬ 
ers,  27 

plan  position  indicator;  see  PPI 

proposed  improvements,  501-504 

range  recorders,  28 

remote  plan  position  indicator,  29 

scope  display,  26-27 

skyatron,  502 

tests,  413-419 

tube  size,  25 

types,  22,  501 


Indicators  for  CR  sonar,  155-168 

commercial  cathode-ray  oscilloscope, 
155 

console,  Model  1,  157 
console,  Model  2,  159 
geographic  plot,  166 
MR  indicator,  155 
PPI  -7  in.,  156 
PPI  -  12  in.,  156 
XQHA,  162 

Indicators  for  ER  sonar,  348-353 
60  cycle  ER  sonar,  349 
200  cycle  ER  sonar,  349 
500  cycle  ER  sonar,  352 
submarine  ER  sonar,  352 
Indicators  for  integrated  type  B  sonar, 
13,  270 

Indicators  for  MR  scanning  sonar,  90 
Indicators  for  26-kc  depth-scanning 
sonar,  266 

Inductive  commutator,  50,  143,  489 
Input  transformer  measurements  on 
commutators,  387 
Installation  tests,  422 — 4 29 
cross  talk,  425 
directivity  patterns,  425 
equipment  needed,  422 
figure-of-merit,  427 
mechanical  alignment,  427 
noise  level,  426 

on  experimental  ships,  422-423 
on  service  ships  at  Navy  Yard,  428 
receiver  frequency  response  tests,  426 
receiving  sensitivity,  426 
Installed  sound  gear  monitor  (ISGM), 
136,  230,  506 

Integrated  type  B  sonar,  14,  43,  222-302 
see  also  Depth-scanning  sonar,  26  kc 
accuracy,  300 

azimuth  equipment  and  operator,  224 
BDI  and  listening  equipment,  222, 224, 
289 

bearing  accuracy,  222 

chemical  range  recorder,  224 

commutators,  252-266 

console  design,  271 

control  circuits  for  receiver,  290 

control  circuits  for  transmitters,  295 

control  rack, 271 

depth  operator,  224 

depth  scanning,  222,  300 

disadvantages,  301 

echo-ranging  system,  299 

EPI,  224 

errors  in  operation  of  control  circuits, 
300 

evaluation  of  system,  300-302 
fire  control,  226,  275-277 
gain  control,  291 
general  description,  222-226 


horizontal-scanning  system,  222 
indicators,  270-272 
operation  of  system  during  attack,  224 
own-doppler  nullification  (ODN),  500 
PPI,  224 

preamplifier,  288 
range  recorder,  271 
receivers,  277-292 
recommendations,  300 
requirements,  222 
speaker,  271 

stabilization,  272-275,  419 
sweep  and  timing  circuits,  296-300 
three-dimensional  scanning,  512 
training  control,  275 
transducers,  241-252,  479 
transmitter,  292-296 
uses,  300 

work  at  HUSL,  300 
Integrator  circuit,  417 
International  Projector  Company,  84 

"Joy  stick”  training  control,  503 

Ka/N  (definition) ,  44 
Keying  circuit,  203-204 
Kollsman  two-phase  synchro  spiral 
sweep  generator,  211 

L  level  angle,  43 
Lag  line 

26-kc  azimuth  scanning,  264 
38-kc  depth-scanning  sonar,  259 
artificial  transducer,  395 
bridged  T,  switching,  340 
.  CR  sonar,  460,  492 
ER  sonar,  340 
impedance,  52 
in  commutators,  50,  254 
Lead  lines 

ER  sonar,  331,  463,  493 
multiple-layer,  493 

Lead-line  measurements  for  electronic 
rotors,  393 

Librascope  Corp.,  Mark  VI  attack  direc¬ 
tor,  421 

Line  impedance,  52 
Linear  amplitude  receiver,  121 
Lissajous  ellipse,  388 
Lissajous  method,  424  • 

Listening  receiver  tests,  409 
Listening  receivers,  33 
Listening  rotor.  Model  IB,  149 
Lubricating  solutions  for  domes,  90 

Magnetostrictive  transducers 
see  Transducers,  magnetostrictive 
Maintenance  of  close  contact  (MCC),  483 
Maintenance  of  scanning  sonar  equip¬ 
ment,  506 
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Maintenance  of  true  bearing  (MTB),  13, 
23.  117-118,  352 

Massachusetts  Institute  of  Technology, 
artificial  ship,  121 
Master-oscillator- power-amplifier 
(MOPA),  192 

Maximum  echo  range,  130 
Mechanical  geographical  attack  plotter 
(NlGAP),  501 

Mechanical  rotation  scanning  sonar 
see  MR  sonar 

Mechanical  sweep  for  Model  1  Roto- 
scope,  1 1 0 

Mechanical  timer  for  QH  scanning 
sonar,  Model  2;  210 
Medusa,  magnctostrictive  transducer,  9. 
‘18,  118,  128 

Metallizing  methods  for  securing  con¬ 
ducting  surfaces  on  insulating 
plates,  151 
Microphonics,  60 
Miller-effect  circuit,  330 
Millerphonc,  18 

Mine  detection  with  submarine  F.R 
sonar,  315 

Mine-field  navigation  with  submarine 
scanning  sonar,  -131 
Model  1  CR/ER  sonar,  122 
Modified  plan  position  indicator  (P!l), 
27 

Modulation  of  acoustic  pulses  in  water, 
508 

Modulator  for  53-kc  ER  sonar  sweep  cir¬ 
cuit,  373 

Monitor  transducer,  122 
Mountain  Lakes  test  station,  127,  312 
Movie  camera  used  to  check  displace¬ 
ment  error  of  indicator  panels, 
■120 

MR  sonar,  77-115 

Aide  de  Camp  installations.  8,  79,  170 

brightening,  97 

disadvantages,  1 11 

electronic  sweep,  1 1 1 

elements,  77-78 

evaluation,  81 

experimental  results,  79—8-1 

functions, 

historical  summary,  8 
improvements,  82 
indicators,  90-92.  155 
mechanical  sweep,  110 
noise  tests,  80 

pattern  of  receiving  hydrophone,  80 

ping  control,  100 

power  consumption,  81 

I’PI  display,  90 

range  determination,  118 

receivers.  92-99 


recommendations  for  future  research, 
111-115 

reverberation  studies,  83 
rotating  rigs,  89-90 
Rotoscope;  sec  Roloscope,  Model  1; 
Rotoscopc,  Model  2 
spiral  sweep,  110-1 11 
Tippecanoe  installations,  78 
transducers.  81-89,  190,  380 
transmitters,  99-1 10 
Multipole  switch,  397 
"Musa”  system.  5 

Mycalex  as  commutator  plate  material. 
1  10.  153 

Mykroy  as  commutator  plate  material. 
153 

Networks,  transfer,  122,  399-103 
New  London  Laboratory,  31 
Noise 

ambient  noise  of  the  sea.  59,  68 

discrimination  against,  00 

distinguishing  characteristics,  59 

electric  noise,  00,  68 

human  car  as  detector,  01 

"ideal"  detector,  60-01 

measurements,  108,  125 

narrow  bandwidth.  01 

receiver  discrimination  against,  197 

reverberation,  59 

self  noise,  08 

ship  noise,  59 

shrimp  noise,  59-00 

sources,  32 

target  noise,  59-60,  08 
tests  for  MR  sonar,  78-80 
tests  on  the  preamplifier,  100 
visual  detector,  61 
Noise  radial,  3 

Noise  reduction  in  receivers,  497 

OI)N  circuit,  187,  409 
Omnidirectional  search  systems 
see  Scanning  sonar  systems 
Operator  training  equipment  (OTK)  , 
120 

Ordnance  considerations  for  scanning 
sonar,  501 

Orlhognonalization,  258 
Output  filters  for  ER  receivers,  355 
Own-dopp!cr  nullification  (ODN),  28, 
117,  353.  197-199 

PAL  circuit,  35 

Pattern  computer  for  CR  sonar,  492 
Pattern  formation,  scanning  sonar 
see  Directivity  patterns 
Pattern  of  minimum  directivity  ratio, 
47 

Penlagrid,  337 


Pcntagrid  convertor  switch,  312 
Permanent  magnet  polarization  of  mag- 
netostriclive  transducers,  478 
Phase  lags,  53 

Phase  splitter,  bridge  type,  208 
Piezoelectric  transducers 
see  Transducers,  crystal 
Ping  control 
for  CR  sonar,  205 
for  Rotoscope,  106-110 
Ping  delay  circuit,  100-110 
Pinging  rate.  12 
Plan  position  indicator 
see  PIT 

Plate  switching,  336 
Plotting  device.  502 
Pointer-matching  fire  control.  502 
Polar  inverse  exponential  pattern  plot¬ 
ter  for  ER  sonar  (PEPPER),  394 
Polyphase  generators,  338 
Portable  polar  chart  recorder  (PPCR). 
230,  391,423 

Power  storage  lines.  472 
PIT  (plan  position  indicator) 
advantages,  1 
bearing  information.  23 
CR  sonar,  1 17,  155 
design  limitations,  20 
development  at  HLSL,  5 
geographic  plot,  23 
integrated  type  B  sonar,  222 
modified  plan  position  indicator  (PaI), 
27 

MR  scanning  sonar,  89 
power  supplies  location,  30 
precision  plan  position  indicator 
(FT),  27 

range  information.  24 
ship-centered,  23 
spiral  sweep  generation.  40-41 
tube  size,  25 
use,  502 
Preamplifiers 
design  requirements.  53 
filter  for  QE1  sonar,  183 
for  26  kc  depth-scanning  sonar,  277- 
292 

tests  for  scanning  sonar,  406 
Precision  plan  position  indicator  (PT), 
27 

Pre-scanning  sonar,  I 
Propeller  noise,  00 
Pulse  generators,  342 
Pulse  lines  for  ER  sonar,  370 
Pulse-sharpening  circuit,  121 
l’yrex  for  commutator  plates,  154 

Q  of  scanning  transducers,  51 , 485 
QBE  projector,  237 
QC  sonar,  1 
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QFA-5  attack  teacher,  166 
QH  sonar 

general  description,  2 
historical  development,  5,  11 
scanning  rate,  2 
tests,  11-14 
QH  sonar,  Model  1 
indicator  console,  157 
listening  receiver,  174 
range  determination,  214-215 
scanning  receiver,  174 
sweep  and  timing  circuits,  214 
tests  on  USS  Cythera,  124 
transmitter,  193 
QH  sonar,  Model  2 
attack  plotter,  218 
automatic  keying  unit,  216 
BDI,  125 

figure  of  merit,  76,  125 
filter  design,  183 
HP-2B  transducer,  133 
maximum  discovery  range,  125 
mechanical  timer,  216 
receiver,  181 

tests  on  USS  Cythera,  136 
tests  with  submarine  target,  125 
timing  and  sweep  circuits,  216 
transmitters,  194,  203 
QL  sonar,  4 

Radar  methods  of  energy  storage  com¬ 
pared  to  sonar,  200 
Radiation  patterns 
see  Directivity  patterns 
Radio  direction  finding,  5 
Range  determination 
tests,  418,  429 
with  CR  sonar,  206 
with  ER  sonar,  372 
Range  information  from  PPI,  24 
Range  marker  circuit,  121,  377,  379 
Range  recorders,  28,  228.  271 
Range  selector  switch,  299,  377 
Ranging  on  a  deep  target,  276 
Ransome  welding  positioner,  421 
RC  phase-shift  type  vacillator,  341-342 
RCG  circuit,  116,  284-289 
Receivers 
bandwidth,  31,  497 
BDI  receivers,  34,  279-291 
design,  30-35 
doppler  effect,  31 
frequency,  30 
gain,  355,  497-498 
gear  control,  32 
listening  receivers,  33,  409 
noise,  31-32 

scanning  receivers,  30,  407 

sensitivity,  497 

sum  and  difference  BDI,  409 


tests,  406-410,  426 
tuning  range,  31 
Receivers  for  CR  sonar,  168-189 
amplitude  brightening  receiver,  174 
depth  scanning  sonar  receiver,  185 
QH  sonar,  Model  1;  174 
QH  sonar.  Model  2;  181 
receiver  used  with  Aide  de  Camp 
ER/CR  sonar,  170 
SEC  brightening,  169 
TRF  type,  168 
XQHA  receivers,  185 
Receivers  for  ER  sonar,  353-361 
53-kc  ER  sonar,  359 
60  cycle  ER  sonar,  358 
200  cycle  ER  sonar,  359 
automatic  gain  control,  355 
bandwidth,  353 
blocking,  358 

delayed  lobe  comparison,  356 
doppler  shift,  355 
dynamic  range,  358 
fixed- tuned  signal  frequency  type,  360 
output  filters,  355 
receiver  gain,  355 
submarine  ER  sonar,  360 
Submarine  Signal  Co.  receiver  755-J, 
359 

tuning  frequency  of  range,  357 
Receivers  for  integrated  type  B  sonar, 
288-292 

BDI  listening  receivers,  289 
control  circuits,  290 
preamplifier,  288 
scanning  receivers,  288 
Receivers  for  MR  sonar,  92-99 
Rotoscope,  Model  1;  92-93 
Rotoscope,  Model  2;  93-99 
Receivers  for  26-kc  depth-scanning 
sonar,  185,  277 

Receiving  directivity  index,  60 
Receiving  patterns 
see  Directivity  patterns 
Reciprocity  theorem,  433 
Recognition  differential  (echo  recogni¬ 
tion),  62 

Recommendations  for  future  research, 
475-512 

circuit  improvements,  496-501 
CR  sonar,  221,486-492 
ER  sonar  pattern  formation,  492-496 
fire  control,  277,  504-506 
indicators,  501-504 
integrated  type  B  sonar,  SOI 
maintenance,  506-508 
modulation,  508 
scanning  sonar,  475-512 
stabilization  and  fire  control,  504-507 
three-dimensional  scanning,  509-512 
transducer  improvements,  475-486 


Remote  plan  position  indicators,  29 
Reverberation 

bottom  reverberation,  66-68 
characteristics  of,  59 
power  transmitted,  71 
sound  intensity,  71 
surface  reverberation,  66-68 
volume  reverberation,  63-66 
Reverberation  controlled  gain  (RCG) 
circuit,  32,  116,  239,  278,  408 
Reverberation  equalizer,  508 
Ring  ladderphone,  48 
Ring  stack  transducers,  84,  325 
RLI  receiver,  35 

Rochelle  salt  crystal  transducers 
AX-89  No.  2;  141,  318 
AX-104;  49,  142,  318 
CPI-1  No.  770;  141-142 
impedance,  47 
Rotating  hydrophone,  8 
Rotating  rigs  for  MR  sonar,  89 
Rotation  doppler,  457 
Rotor  segment  tests  for  electronic  rotors, 
394 

Rotors,  electronic 
see  ER  rotors 
Rotoscope,  Model  1;  78 
indicators,  90,  92 
mechanical  sweep,  110 
noise  reduction,  82 
ping  control,  106 
receiver,  92-94 
rotating  rigs,  89 
test  results,  82 
Rotoscope,  Model  2;  79 
evaluation,  84 
electronic  sweep,  111-114 
indicators,  91-92 
ping  control,  106-110 
proposed  improvements,  83 
receiver,  93-99 
rotating  rigs,  89 
tests  on  components,  83 
Rubber  for  transducers,  475 

San  Diego  Laboratory,  reverberation 
equalizer,  508 

Sangamo  attack  teacher,  126,  421 
Sangamo  Electric  Company 
automatic  keying  unit,  216 
chemical  range  recorder,  28 
Model  XQHA  scanning  sonar,  11,  116, 
126,  138 

scanning  commutator,  264 
timer  for  53-kc  ER  sonar,  373 
Satvtooth  sweep  linearity  tests,  415 
Scanning,  three-dimensional,  509 
Scanning  frequency,  20 
Scanning  indicator  (EPI),  241 
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Scanning  receivers 
sir  Receivers 
Scanning  sonar 
advantages,  1 

commutator  design,  50-58 
echo  recognition,  59-70 
electronic  timing  circuits,  10 
fire-control  information,  13 
indicators  and  controls,  29-30 
maintenance,  500 
mechanical  motions,  12-1 1 
ordnance  considerations.  501 
pattern  formation.  17-50 
performance  expectations,  59-70 
preliminary  work,  5 
receivers,  30-35 
sequence  of  functions.  40-12 
stabilization,  43 
switching  pulse  lines,  401 
synchro  and  servo  requirements,  44 
theory  of  directivity  pattern  forma¬ 
tion,  433 

transducers,  44-50 
transmitters,  35—10 

Scanning  sonar  pattern  computer,  442 
Scanning  sonar  recommendations.  19, 
475-512 

circuit  improvements.  490-501 
CR  pattern  formation,  480-492 
ER  pattern  formation.  492-190 
fire  control.  504-506 
improving  echo-signal  recognition, 
508 

indicators,  501-504 
in-service  checking.  500 
maintenance.  500-508 
pulse  modulation,  508-509 
stabilization,  504-500 
three  dimensional  scanning,  509-512 
transducer  improvements.  475-480 
Scanning  sonar  systems 
Hritish  Navy  system,  4 
CR  sonar,  11.1 16-221 
depth-scanning  system,  20  kc,  13,  220, 
259 

ER  sonar,  9,  15,  303-385 
integrated  type  If,  13, 222-302 
MR  sonar,  8-9,77-115 
QH  sonar,  3.  157,  174-183.  193.  214 
QI.  sonar,  4 
SSC  sonar,  4 

vertical  scanning  system.  13 
Scanning  sonar  tests.  386—132 
commutator  tests,  387-399 
indicator  tests,  413 
installation  tests.  422 
performance  tests,  429 
preamplifier  tests,  400 
range  determination,  418 
receiver  tests,  400-407 


stabilization  tests,  419 
sweep  circuit  tests.  4 1 5 
testing  commutator  and  transducer 
together,  403-400 
timing  circuit  tests.  117 
transducer  tests.  380 
transfer  network  tests.  399-101 
transmitter  tests,  410 
Scanning  sonar  transducers 
see  Transducers 
Scopes 

see  Indicators 
Search-attack  switch.  299 
Searchlight  sonar.  122-125,  395.  498 
Sector  scan  indicator  (SSI),  27.  34-35, 
221,502 

Sector-selective  gain  control,  501 
Self  noise,  08,  73 

Scnd-rcccivc  switching  arrangements, 
122, 399-403 

Sequence  control  with  ER  sonar,  371 
Shading,  482 

Ship  motion,  effect  on  echo  ranging,  71 
Ship-centered  1*1*1  display,  23 
Shock  mounting  for  hydrophone,  83 
Shrimp  noise,  59-00,  73 
Simultaneous  lobe  comparison  (SEC), 
8-9,  358.  508 

Sintered  oxide  magnets  for  HP-3  trans¬ 
ducer,  130-137 
00  cycle  ER  sonar 

general  description.  304 
HP-1  transducer,  317 
indicators.  3  17 
lead  lines,  331 
receivers,  358 

sweep  and  timing  circuits,  372 
transmit-rcccivc  networks,  344 
transmitter,  302 
Skyatron.  502 

SEC  brightening  receiver,  83,  121,  109 
Slip  rings,  190 
Sonar  depression  order,  228 
Sonar  fire  control 
see  Fire  control  with  sonar 
Sonar  methods  of  energy  storage  com¬ 
pared  to  radar,  200 
Sonar  operator.  500,  508 
Sonar  switching  test  unit,  394 
Sonar  train  order.  228 
Sonar  training  aids.  508 
Sound  attenuation,  effect  on  frequency, 
20 

Sound  channel,  70 
Sound  gear  monitor  (SOM)  ,  423 
Sound  gear  monitor  (SOM)  transducer 
(TypeS  3),  128 
Sound  paths.  67-68 

Speaker  for  the  integrated  type  15  sonar, 
271 


Specifications  for  transducer  cables,  481 
Spiral  sweep 
electronic,  1 1 1 
for  CR  sonar.  205,  207 
for  ER  sonar,  371 
for  MR  sonar,  110 
generation,  40—1 1 , 207, 214 
Kollsman  two  phase  generator,  21 1 
mechanical,  1 10 
tests,  4 1 3 

Split  projector  test  unit  (SI’TC),  423 
Spy  Pond  testing  station,  231 
SRO  circuit.  377 
SSC  sonar.  4 

Stabilization  for  the  sonar  equipment,  43 
Stabilization  tests,  419-122 
artificial  ship,  421 
attack  director  tests,  421 
indicator  panel  tests,  420 
Stabilized  oscillator  and  counter,  417 
Submarine  ER  sonar 
bearing,  316,  352 
chemical  recorder,  385 
depth  charge  detection.  316 
floppier  effect,  328-330 
HP-3S  transducer,  317 
indicators,  352 
interval  timer,  382 
laglines,  313-314,  339-340 
linear  sweeps.  383 
maximum  range,  313,  315 
mine  detection.  315 
operating  test  procedure,  431 
oscillator,  381 

pulse  length  determination,  381 
pulse-generating  circuit,  380 
range  determination,  379 
range-marking  circuit,  377,  379 
receiver  bandwidth,  353 
receivers,  360 
rotor,  347 

sonar  switching  test  unit.  394 
SRO  circuit,  377 
sweep  and  timing  circuits,  376 
sweep  calibration,  384 
lest  line.  313 
tests  on  Spy  Pond,  314 
torpedo  detection.  316 
transducers,  313 
transmitters,  367 
trip  lane  detection,  315 
Submarine  Signal  Company  (SSC).  4, 356, 
368 

Sum-and-dilfercncc  I5D1  principle,  34, 
279 

Surface  reverberation,  63,  66,  73 
Surface  “reverberation  index,"  60 
Surface  ship  noise  detection.  432 
Surface-ship  tests  of  submarine  scanning 
sonar,  132 
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Sweep  and  timing  circuits  for  CR  sonar, 
205-219 

Aide  de  Camp  ER/'CR  system,  211 
auditorium  demonstration  system, 
119,210 

electronic  spiral  sweep,  207 
Kollsman  two-phase  synchro  spiral 
sweep  generator,  211 
QH  scanning  sonar,  Model  1 ;  214 
QH  scanning  sonar,  Model  2;  216 
rotating  capacitive  sweep  generator, 
209 

XQHA  scanning  sonar,  219 
Sweep  and  timing  circuits  for  ER  sonar 
53-kc  ER  sonar,  373 
60-cycle  ER  sonar,  372 
200-cycle  ER  sonar,  372 
linearization  and  stabilization,  383 
submarine  ER  sonar,  376 
Sweep  and  timing  circuits  for  integrated 
type  B  sonar,  296-300 
Sweep  and  timing  circuits  for  26-kc 
depth-scanning  sonar,  296 
Streep  circuit  tests 

circular  sweep  tests,  416 
linearity  tests,  415 
sweep  tests  for  BDI,  419 
Sweep  generator,  147, 207 
Switches,  nonrectifying,  342 
Switches  for  electronic  rotors,  335-343 
binary  counter-switching,  339 
cathode-ray  switching  generator,  339 
lag  lines,  340 

pentagrid  convertor  switch,  342 
synchronization,  340 
transmission  lines,  339 
vacuum  tube  switches,  342 
varistor  switches,  335-336,  342 
Switching  lag-line  measurements  for 
electronic  rotors,  393 
Switching  pulse  lines,  464-474 
ER  sonar,  465 
mathematical  analysis,  464 
power  storage  lines,  472 
requirements,  464 
theory,  464 
uses,  464 

with  double  fdter  section,  469 
Switching  voltage  generators,  16,  337 
Synchro  and  servo  requirements  for  scan¬ 
ning  sonar,  44 
Synchro  systems,  427 

Target  doppler  effect,  59 
Target  echoes,  59-60 
Target  noise,  68,  73 
Target  strength,  70 
Temperature-gradient  corrector,  276 
Thermal  noise,  60 


Three-dimensional  scanning,  509 
Thyrite,  use  in  transducers,  131 
Time  lags,  50 
Time-interval  meter,  417 
Time-varied  gain  (TVG),  9,  32 
Tinting  circuit  tests,  417 
Timing  circuits 

see  Sw'eep  and  timing  circuits 
Torpedo  detection 

submarine  scanning  sonar  tests,  432 
with  CR  sonar,  121, 124 
with  MR  sonar,  8-9 
with  submarine  ER  sonar,  316 
Train  order,  269 

Trainable  artificial  HP-5  transducer,  396 
T  ransducers 
cables,  46,  481 

CR  sonar,  118-119,  128-143,438-454 
depth  scanning,  26  kc,  222,  226,  241 
design  factors,  44 
directivity  patterns,  60,  433-438 
effective  diameter,  262 
ER  sonar,  317-326,  454-464 
evaluation  for  scanning,  386 
frequency,  44-45 
impedance,  47 
magnetostrictive,  45 
manufacturability,  479 
materials,  44-45,  475,  478 
mechanical  Q,  478 
MR  sonar,  84,  190,  386 
phase  angle,  44-45 
serviceability,  477 
shock, 45 

switching  pulse  lines,  464-474 
table  of  all  types,  48-49 
tests,  386-389, 403 
training  speed,  44 
types,  386 

Transducers,  artificial,  395 
Transducers,  crystal 
6x6  inches,  85 
AX-89;  49,  124,  142,  318,  334 
AX-104;  49,311,318 
AX-127;  49 

AX-132;  49,  314,  319,  347 
AX-136;  49,  314,  323,  347 
AX-142;  49 
CPI-1  #770;  49,  141 
electrical  insulation,  477 
strength  against  impact  and  pressure, 
476 

Transducers,  magnetostrictive 
54-kc  ring  stack,  325 
design  considerations,  44 
electrical  insulation,  477 
Hebbphone-1;  10, 48, 120, 128-129, 317 
Hebbphone-2;  48, 124, 133 
Hebbphone-2B;  48,  125,  133 
Hebbphone-3;  48,  127,  136 


Hebbphone-3DS;  48,  241 
Hebbphone-3S;  48,  317 
Hebbphone-4;  48 

Hebbphone-5;  48,  127,  138,  250,  396 
Hebbphone-6;  48 
Hebbphone-7;  48 
Hebbphone-8;  48 
Hebbphone-8D;  222,  245-250 
Hebbphone-9;  48 
Medusa,  48,  118, 128 
Millerphone,  48 
Ring  Ladderphone,  48 
ring-stack  emitter,  15  inch,  84,  325 
stability  of  permanent  magnets,  478 
strength  against  impact  and  pressure, 
476 

tube  hydrophone,  12  x  12  inch,  86 
Transducers,  recommendations,  475-486 
acoustical  and  electrical  tolerances  in 
manufacture,  479 
cable  seals,  475 
cables,  481 

corrosion  prevention,  475 
cost,  480-481 

critical  materials,  480-481 
directivity  patterns,  482 
domes,  485 
efficiency,  485 
electrical  insulation,  477 
impedance,  485 
mechanical  Q,  485 
production  rate,  480-481 
serviceability,  477 
simplicity  of  design,  479 
stability  of  impedance,  478 
strength  against  impact  and  pressure, 
476 

testing  facilities,  481 
uniformity  of  elements,  479 
watertightness,  475 
Transfer  networks,  122,  399-403 
coupling  or  tuning  capacitors,  400 
general  description,  399 
network  tuning  coil,  399 
polarizing  choke  coils,  400 
receiving-matching  transformers,  400 
relays,  401 

requirements,  399—102 
tests  on  complete  network,  402-403 
Transmission  anomaly,  69 
Transmission  loss,  69 
Transmit-receive  networks  for  ER  rotors, 
344 

Transmitter  tests,  410-413 
equipment  needed,  410 
frequency  stability,  412 
general  tests,  410 
output  power  measurements,  41 1 
power  and  current  input  measure¬ 
ment,  412 
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Transmitters 
1.5  kw,  102,302 
36  tube  driver,  190 
400-watt,  99 
circuits,  36 

design  requirements,  35 
power  supply,  36 
power  tubes,  39 
pulse  shape,  35 
“unicontrol"  system,  38 
Transmitters  for  C.R  sonar,  189-201 
“Blockbusters,"  191 
model  XQHA,  204 
MR  transmitter,  190 
problems,  189 

QH  scanning  sonar,  Model  1;  193 
QH  scanning  sonar,  Model  2;  194 
transmitter  with  36  tube  driver,  190 
T ransmitters  for  ER  sonar,  362-371 
53-kc  ER  sonar,  367 
60  cycle  ER  sonar,  362 
200  cycle  ER  sonar,  362 
submarine  ER  sonar,  367 
Transmitters  for  integrated  type  B  sonar, 
292 

Transmitters  for  MR  scanning  sonar,  99 
Transmitting  directivity  patterns,  7,  425 
Trigger  circuit,  78.  366,  417 
Triplane  detection  with  submarine  ER 
sonar,  315 

True-bearing  PPI.  121 
Trunnion-tilt  corrector.  225,  228,  269 


Tubes  for  transmitters,  39 
Tuning  range  for  ER  receivers,  357 
Turn  ratio,  387 
TVG  circuit,  355 

TVG-AVC  amplifier-receiver,  93-95 
26  kc  Depth-scanning  sonar 
see  Depth-scanning  sonar,  26  kc 
200  cycle  ER  sonar  system 
see  ER  sonar,  200  cycle  system 
Type  B  integrated  sonar 
see  Integrated  type  B  sonar 

Ultimate  type  A  scanning  sonar,  222 
Ultimate  type  B  scanning  sonar 
see  Integrated  type  B  sonar 
Underwater  direction  finding,  work  of 
Germans,  5 

Underwater  sound  detection  systems 
sec  Scanning  sonar  systems 
IJnicontrol  system,  38,  293 
University  of  California  Division  of  War 
Research  (UCDWR).  4,  1  11 

Vacuum  tube  rotors,  342 
Vacuum-tube  switches,  337 
Varistor  bridge  circuits,  280,  290 
Varistor  electronic  switches,  335-336 
Varistors,  17,  313,  342 
Vertical  scanning  system,  13 
Visual  detector.  63 
Volume  reverberation,  63 
Volume  reverberation  curve, 73 


Volume  reverberation  index,  60 

Wakes  shown  on  PPI,  2 
W  atertightness  of  transducers,  475 
Western  Electric  Company,  492 
"Whirling  Dervish,”  1 18.  144 
Wide-range  monitor,  317 

X-cut  Rochelle  salt  crystals,  85,  478—179, 
485 

XQHA  sonar 

accuracy  of  hearing  information,  221 

BDI  improvement,  127 

blanking  of  PPI  screen,  206-207 

commutators.  54 

evaluation,  220 

general  description,  116 

indicators,  162 

in-service  checking,  507 

modifications,  127 

noise  tests,  128 

receivers,  185 

sweep  and  timing  circuits,  219 
tests,  127,  392 
transducers,  127,  139 
transmitter.  204 
tuning  range.  357 
XQKA 

see  Submarine  ER  sonar 
Y-cut  Rochelle  salt  crystals,  334,  478—179 
Z'd  cross  level  angle,  43 
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